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Hamner Electronics is justifiably proud of its technical field representa- 
tives, and relates its leadership in the nuclear instrumentation field 
directly to the outstanding talents of this group. Hamner representatives 
have been selected for their high degree of technical ability and their 
established background in the sales and service of scientific instrumenta- 
tion. This is supported by a knowledge in depth of nuclear technology 
received through frequent and comprehensive training programs con- 
ducted by Hamner scientists and engineers. 

Hamner backs these capable agents with the most reliable and advanced 
product line of nuclear instruments and systems, extensive research, 
design and development facilities, and competitive production capabilities. 
Call one of the Hamner representatives listed below for your instrumenta- 
tion requirements. Your problems will receive genuine interest and under- 
standing, and you will be gratified by fast cooperation on quotations, 
shipments and service. 
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Research reactor fuel 
element featuring 
pinned construction. 


Testing reactor fuel 
element showing crimped 
technique used to fasten 
fuel plates to internally 
grooved slides. 


Fuel element for thorium 
converters and other 
pressurized water power 
reactors. 


Fuel element for U.S. 
Navy (Classified). 


Fuel element for Nuclear 
Ship Savannah. 





Nuclear Facilities 
Plant, Lynchburg, Va. 





What Should a Buyer of Fuel Elements Look For? 


Experience—B&W has supplied thousands of fuel 
elements, and has one of the nation’s most experi- 
enced staffs of nuclear scientists and technicians. 


Special Skills—Whether the fuel’ elements you re- 
quire are standard elements, or of radically new 
design, you will receive the full attention of B&W 
specialists. You will be sure that you’re getting the 
best fuel elements for your application. 


Superior Workmanship—Stringent quality control 
is a tradition at B&W. Almost a century of custom 


engineering has taught us that there’s no substitute 
for superior craftsmanship and attention to detail. 


Responsibility—B&W will accept your uranium, 
or will take full responsibility for procuring and 
processing uranium for you, depending on your 
needs. 


Prove it for yourself—Talk over your fuel element 
needs with an experienced B&W specialist. Write 
for more information to The Babcock & Wilcox 
Company, Barberton, Ohio. 


THE BABCOCK & WILCOX COMPANY 








BOILER DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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Spert II Reactor, Operated by Phillips Petroleum Co. for the U. S. Atomic Energy Commission. 


... Used in SPERT-IIT Reactor 


SPERT-III, the second Special Power Excursion Reactor Test facility now 
in operation at the National Reactor Testing Station, Idaho, will help pro- Fuel Composition 18.8 Weight % UO2 
vide noo snip poe knowledge of a porutees bo reactors under vari- 
ous conditions of pressure, temperature, and coolant flow. . ” 

Phillips Petroleum Company, conceptual designer and operator of _— ee nrresenseenss sonnaraeees pape ” = 008 
SPERT-III for the U. S. Atomic Energy Commission, selected M & C Thickness-fuel.....+++eeeeeeereeeeeeeees 0.020" + .001 
Nuclear té supply the UO¢e-stainless steel fuel assemblies for the reactor. Thickness-clad....ccccccocvcccccvsseces 0.005" + .001 

These fuel assemblies are built to withstand unusually severe conditions. 

Plates are fabricated to exacting specifications and brazed into assemblies 
with close channel space limitations. 
FE a to - ee = Nuclear has wgerr ae 
cermet plates for two other large reactors. Its modern fa- 
cilities and technical know-how permit low cost, quality fuel ele- MA & Cc N U é LEAR e { N cc e 
ments to meet every requirement. 

Let us assist you in your reactor program by supplying in- P. O. BOX 898, ATTLEBORO, MASSACHUSETTS, U.S.A. 
formation, working specifications, and designs. Write directly 
to our Manager of Marketing and Contract Administration. FUEL ELEMENTS. CORE COMPONENTS. COMPLETE CORES 
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The fuel plates, illustrated, were manufactured to 
the following dimensions and specifications. 
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Atomuan Sxeprua 


If the Cyrillic characters above frus- 
trate you, you share the unhappy posi- 
tion of most American scientists and 
engineers who, unfortunately, do not 
know the Russian language. A pho- 
netic rendition of the phrase would be 
Atomnaya Energiya, and it means 
Atomic Energy. It’s also the title of 
Russia’s primary journal in the nucle- 
onics field. The Russian journal, inci- 
dentally, is freely available to sub- 
scribers outside the USSR. 

English translations of Atomnaya 
Energiya are available on a regular 
basis. However, the translated ver- 
sion necessarily runs some months be- 
hind. Because we’re anxious to keep 
you in touch with the Russian nuclear 
scene we have arranged with Con- 
sultants Bureau of New York City, 
who publish an English translation of 
Atomnaya Energiya, to provide us with 
advance copies of their translations. 
We will be incorporating abstracts of 
the most significant of these in a new 
department called Russian Nucleonics 
(see p. 178). 

We recognize that our new depart- 
ment will only slightly ameliorate the 
problem of staying abreast of the very 
significant Russianprogram. Wethink 
that more of you ought to be reading 
the complete translation of Atomnaya 
Energiya. We also think that more of 
you (and us) should emulate the exam- 
ple set by earnest nucleonickers at 


various laboratories who are learning 
Russian. 


It’s UO., 9 to 1 1 


Inspection of the list of U. S. proto- 
type and full-scale power reactors— 
operating, under construction and pro- 
posed—reveals that 9 of the 20 use 
UO. fuel. Three others (Elk River, 
Borax and Indian Point) using ThO-- 
UO, might be added to the nine. The 
rest are fueled by various alloys. 
Among the UO--fueled reactors are 
PWR, Yankee, Dresden, OMRE and 
the Kaiser-ACF gas-cooled reactor— 
covering pressurized boiling, organic 
and gas-cooled types. These statistics 
underline the significance of the article 
on p. 104, “UO.—Fabrication and 
Properties,” by O. J. C. Runnalls. In 
a thoroughgoing review of what is 
known about uranium dioxide, he gives 
special attention to its performance as a 
reactor fuel. 


Radiation Protection 


In our field, radiation hazards are an 
ever-present source of intelligent con- 
cern. A reasonable concern ‘for one’s 
own welfare dictates that even those 
who do not specialize in health physics 
ought to follow broad developments in 
that field. Two articles in this issue 
bear on this question: (1) the discussion 
of film badges and pocket dosimeters on 
p. 116, which is intended to further the 
attainment of an optimum personnel 
monitoring system, and (2) the reports 
of activities in the field of workmen’s 
compensation and the issue of whether 
AEC or Public Health Service should 
regulate radiation protection, covered 
in our Roundup section. 

—The Editors 


10 YE 
AGO 






Marshak, Brooks and Hurwitz. 
It isn’t often that a series of 
articles becomes a classic in its own 
time. But this is just about what 
happened to a series of articles on 
the theory of the diffusion and 
slowing down of neutrons that 
began in the May, 1949 issue of 
NUCLEONIcs. The purpose of the 
series, which ran from May through 
August of 1949, was to “present a 
systematic development of diffu- 
sion and age theory, starting with 
the Boltzmann equation.’’ The 
approximations used in deriving 
the theories were underlined and 
the limits of validity carefully ex- 
plained. The subject of how cor- 
rections can be formulated and ap- 
plied, was also discussed. 

Readers tell us that they have 
had photostat copies of the article 
made and these have been passed 
from hand to hand as novitiates 
were introduced into the sacred 
company of men dealing with the 
ways of neutrons in moderating 
media.—R. E. Marshak, H. Brooks 
and H. Hurwitz, NUcLEONICs, 
May ’49, p. 10. 

Buyers Guide. The May, 1949 
issue of NUCLEONICS also contains 
a special report on nuclear instru- 
ments including a two-page buy- 
ers’ guide. From that humble be- 
ginning we have built a 100-page 
exhaustive listing that is a regular 
feature in our November issue. 
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Raw Material—Zirconium tetrachlorideis Rolling sheet bar into finished sheets. 
delivered to Mallory-Sharon’s zirconium Zirconium is now available for commer- 


chunklet plant in 6-ton rubber containers. cial use in a wide range of mill shapes. 





for zirconium production 


Zirconium has progressed, in a few 
short years, from limited application 
to a practical special-purpose 

metal for the nuclear reactor field. 


Mallory-Sharon, a pioneer in 
zirconium development, now 

offers the only completely integrated 
zirconium production facilities in 
the industry. From raw materials, 
through chunklet production, 
vacuum melting, and rolling of 

mill products, we carefully control 
quality and mechanical properties 

at every step. 


Backing-up these physical facilities 
is an outstanding “special metals 
team’’— research and development, 
application engineers and 
customer service staff. 


When you have a technical problem 
involving zirconium or other special 
metals, come to “headquarters”. 
You’ll find a Mallory-Sharon 
service engineer can be most helpful 
on properties and design applications. 
And he can provide you with 

a wealth of information on 
machining, forming and welding 

of zirconium and its alloys for 

your specific needs. 





Vacuum Melting — photo shows remote control panel for 
vacuum consumable electrode meiting furnaces at Niles, Ohio. 





Zirconium Chunklets produced at Ashtabula, Ohio, plant 
are used for melting into ingots for forging or rolling. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION + NILES, OHIO 


integrated producer of Titanium - Zirconium + Special Metais 
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Space Age 
Specifications 


Are Right In Line 

With The Thinking And 
Ability That Marks 

The Quality Of 


We set these custom standards long 
before interplanetary dreaming reached 
its action stage:.For Stainless Steel and 
Special Alloy Tubing cold drawn with 
infinite accuracy to .050” to 1.250” 0.D. 
with tolerances as close as .0005” 
when you need it, . . you can 
depend on TMI to deliver as 
Promised . . . $0 you can 
keep your promises, too. ‘s 

4A 


TUBE METHODS INC. 


METALLURGISTS* ENGINEERS © MANUFACTURERS 


SEPORT Montgomery County), PA 











Nucleate Boiling Survey 
Dear Sir: 


The March 1959 issue of NUCLEONICS 
(page 96) carried a short article, ‘‘Ion 
Chamber Can Detect Nucleate Boil- 


_|ing,” by L. R. Boyd. This particular 


article did not indicate if the measur- 
ing system was actually used in detect- 
ing nucleate boiling in an operating 
reactor. 

Some phenomena observed on the 
normal nuclear instrumentation of 
MTR during the past few years have 
boner attributed to boiling. It is also 
po impression that some other reactor 
| operators have observed this phenome- 
non. It is suggested that a survey of 
reactor operators and their attempts to 
detect boiling with normal nuclear 
instrumentation or special instrumenta- 
tion might be of considerable interest 
to your readers. 





—J. H. RaInwaATER 

Chief Plant Engineer 

Atomic Energy Division 

Phillips Petroleum Company 

Idaho Falls, Idaho 

[Ep1Tor’s NoTE: We are following Mr. 

Rainwater’s suggestion and conducting 

such a survey. Readers having com- 

ments or pertinent information are en- 

couraged to contribute them for inclusion 
in the survey.] 





'Test-Reactor Charges 
| Dear Sir: 


In your December 1958 issue, Pro- 
fessor Murray of North Carolina State 
University and Dr. Schultz of Westing- 
house performed a notable service by 
bringing into focus the problem of 
charging for test reactor space (“‘Charg- 
ing for Test-Reactor Space,” by R. L. 
Murray and M. A. Schultz). 

These authors attempt to place reac- 
tor space charges on a fair, rational 
basis by starting with base charges for 
fast and thermal flux, adding a charge 
for reduction in reactivity caused by 
an experiment, a charge for shadow- 
ing of adjacent experiments, and a 
credit for fuel contained in a customer’s 
experiment. 

I have also sought a ‘rational’ 
charge scheme but, in pursuing an ap- 
proach similar to M&S, have been 
bothered by questions of the following 
type: Should a non-moderating and 





nonabsorbing experiment pay the same 
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reactivity charge as one that moderates 
and absorbs neutrons, as could happen 
with the M&S scheme? (Inthe former 
case, since neutrons are not absorbed, 
they are presumably available for other 
experiments.) 

Can the simple M&S shadowing 
charge adequately account for gross 
flux tilting as could be caused by the 
experiment in the large 9 X 9 in. hole 
in the ETR or by a group of experi- 
ments in the WTR? 

Can customer fuel be credited on a 
simple dollar-per-equivalent-gram basis 
as proposed by M&S? If the effect of 
customer fuel is merely to cause a re- 
duced loading in new reactor fuel, there 
is no savings in fabrication cost—the 
major cost item. 

If the customer’s extra fuel requires 
the operator to have additional special 
elements on hand, there may actually 
be a fuel cost increase. 

Perhaps the most serious question 
concerns the basic charges themselves. 
Is one not forced to determine on arbi- 
trary rather than rational grounds the 
charges for fast flux and for thermat 
flux (the relative worth of fast and 
thermal neutrons depends upon the in- 
tent of the experimenter; presumably 
the gamma flux is free)? Even the 
linear relation used by M&S between 
cost and flux might be questioned since, 
as Dr. L. Tonks pointed out at the 
Detroit ANS meeting (Dec. ’58), the 
cost of providing high flux increases 
more than linearly with flux. 

These questions lead one to ask if any 
‘“‘rational” approach to test reactor 
charging must not involve arbitrary 
value judgments, which cannot be uni- 
versally valid. However, if this is the 
case, then one must question the phi- 
losophy of a detailed charge scheme of 
the M&S type, because it places a con- 
siderable burden on the operators and 
their accountants, and its justification 
is only that it removes arbitrary charges 
and replaces them with fair rational 
charges. Further, reactor operators 
do not charge directly for neutrons and 
in the final analysis are willing to sell, 
not neutrons, but only space. Under 
these circumstances, is it unfair for the 
operator to assess the relative desir- 
ability of the various experimental 
spaces and arbitrarily assign a dollar- 
per-cubic-inch value to each space? 
(The figure being determined by flux 
estimates, competitive prices, demand 
for specific spaces, profit motive, etc.) 
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Certainly operator caution must be 
exercised to assure that any one experi- 
ment does not produce drastic effects, 
but, even with the M&S scheme, very 
large effects would have to be evaluated 
separately. 

| wonder if, possibly, the major prob- 
lem in test-reactor charging cannot be 
brought into prospective from the user’s 
viewpoint. In a competitive market, 
any charging scheme in use on a reactor 
is fair to a user if it is a system in stand- 
ard use that does not discriminate on a 
personal basis. The question facing 
the user is how he can obtain his irradi- 
ation at the lowest cost. This involves 
knowing the flux available in the reac- 
tors; but, unfortunately, the figures 
supplied to him by the various oper- 
ators are not necessarily quoted on a 
common basis. Even when measured 
values are quoted, these may involve 
fluxes that are present only when the 
proposed experiment is not. 

Since the reactor operators sell space 
and not flux, there is no penalty in- 
volved for the operator if slightly opti- 
mistic estimates are made. In prac- 
tice, then, this puts the honest and 
technically competent operator at a 
disadvantage in relation to a less scru- 
pulous or perhaps more ignorant organ- 
ization. Furthermore, even if the user 
finds that his flux is much less than 
estimated by the operator, he is in a 
poor position because high costs make a 
move to another installation prohibitive. 

It is my belief that the way to fair 
(although perhaps not rational) costing 
depends upon solving this problem. 
Plainly, an effective solution requires 
the agreement of all reactor operators 
to a uniform means of specifying and 
measuring the irradiations available in 
a particular place under particular cir- 
cumstances in their respective reactor 
facilities. 

BertraAM Wo.FeE, Manager 
Development Reactor Physics 
Atomic Power Equipment Dept. 


General Electric Company 
San Jose, California 


DEAR Sir: 


In reply to Dr. Wolfe’s comments, 
basically we aren’t very far apart in our 
objectives. All of us are attempting to 
derive a new charging base for a com- 
mercial industry just starting. Our 
approach was to list basic fast and ther- 


Vol. 17, No. 5 - May, 1959 


mal flux charges and add incremental | 
terms to take care of individual experi- | 
ment differences. Through his various 
questions, Wolfe essentially suggests 
another series of incremental charges. 
In our derivation, we did examine the | 
effects of other variables—for example, 
resonance absorbers. We concluded 
that adding in every conceivable effect 
was too complex, so we dropped these 
terms in our final working formulas in 
favor of greater simplicity. And you 
will recall at the Detroit meeting of the 
ANS, R. Doan felt that our results were 
still too complicated. 

The second idea of a universal simple 
agreement that covers all types of reac- 
tors is probably impractical because | 
of the physical differences between re- | 
actors. Wolfe himself points out 
(NUCLEONIcS, November 1958, p. 135) 
that certain types of reactors, such as 
heavy-water reactors, may not be too 
suitable for specific testing applications. 
Also such differences as fuel loading for 
a given flux must ultimately be in- 
cluded. We feel that an elementary 
universal formula based simply on | 
Mwd/unit volume, as is now being con- | 
sidered by the AEC, discriminates too | 
greatly against lightly loaded reactors. | 

Our aim was to stimulate further | 
investigation into this field and we are | 
delighted that we have created this 
response. We hope many others will | 
enter the discussion and as a result | 
there can be established a real, logical | 
and practical pricing foundation for | 
our new industry. 








—M. A. Scuuttz, Engineering Manager | 
Test Reactor 

Westinghouse Electric Corporatian 
Pitisburgh, Pennsylvania 


and R. L. Murray 
Physics Department 


North Carolina State College 
Raleigh, North Carolina 
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Protect 
Reactor 
Facilities 
Against 


CONTAMINATION 


CARBOLINE 
PROTECTIVE COATINGS 


for Reactor Pools, Shields, 
Domes, Floors, etc. 


3 Systems Fit All Your Needs: 


CS-AEC-600 SYSTEM 
FOR REACTOR POOLS 


A durable modified phenolic lining ma- 
terial, highly resistant to demineralized 
water penetration, and to degradation 
by radiation, 


PHENOLINE 305 SYSTEM FOR 
WALLS, FLOORS, CEILINGS, OTHER 
AREAS EXPOSED TO RADIATION 


A modified phenolic material providing 
tight sealing, high film buildup with 
fewer coats. Excellent bond to concrete. 
Coating surface is smooth and slick for 
easy wash-down. 


POLYCLAD SYSTEM 


A 3-coat all-vinyl high-build system. 
Vinyl strip coats also available. 


The Carboline Co. maintains a specialized nu- 
clear department for technical assistance in the 
atomic energy field. Write today for complete 
information, technical data and specifications on 
Carboline protective coating systems for reactor 
facilities. Carboline also offers systems for nu- 
clear processing plants. 





32-P Hanley Industrial Ct. 
St. Lovis 17, Mo. 








Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 
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*.014 and .006 Strip 





GUARANTEED PERMEABILITY... and at higher values 
than old average values in AL-4750 


AL-4750 nickel-iron strip now has higher permeability 
values than ever before . . . and the new, higher values 
are guaranteed. For example, using the standard flux 
density test, at 40 induction gausses, AL-4750 now has 
57% higher permeability than in the past. And perme- 
ability values are guaranteed. 

This guaranteed permeability means greater consist- 
ency and better predictability for magnetic core per- 
formance... permits careful, high performance design. 

The improvement in AL-4750 didn’t just happen. It is 
the result of Allegheny’s electrical alloy research and 
production program in nickel-bearing steels. A similar 
improvement has been made in AL Moly Permalloy. 
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ALLEGHENY LUDLUM _ 


STEELMAKERS TO THE ELECTRICAL INDUSTRY 


Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 
Export distribution, Laminations: AD. AURIEMA, NYC 4 


And research is continuing on silicon steels including 
AL's famous Silectron (grain oriented silicon steel), as 
well as on other magnetic alloys. 

Another service of Allegheny Ludlum includes com- 
plete facilities for the fabrication and heat treatment of 
laminations. Years of experience in AL’s lamination 
department means that Allegheny Ludlum has en- 
countered and solved most problems common to core 
materials. This practical know-how is available to all. 
Call us for prompt technical assistance. Write for blue 
sheet EM-16 for complete data on AL-4750. 

Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. NC-17. 
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90 per cent of major U.S. nuclear 
lants rely on ALCO components 


an 4 
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From heat exchangers to control-rod drives, 
ALCO Products components are integral parts of 
nine out of 10 major U.S. reactors. This experi- 
ence began during the U.S.’s Manhattan Project 
in World War II, and carried into the post-war 
period with production of various components 
for the giant Atomic Energy Commission plants. 

As nuclear energy was developed into a source 
of electric power, ALCO began producing various 
components for experimental nuclear-power re- 
actors. The Nautilus prototype reactor, and 
later, the Nautilus reactor itself were among the 
first power reactors to receive specially designed 
ALCO components. 


PIONEERING THE WORLD OF NUCLEAR POWER... t 





In designing and producing nuclear compo- 
nents, ALCO has not only called upon its vast 
thermal experience as a leading world producer 
of heat-transfer equipment, but also its mechan- 
ical experience of more than 100 years’ produc- 
tion of machinery and equipment. Insights into 
nuclear systems gained from designing and 
building complete reactor power plants have 
been invaluable in the integration of nuclear 
component designs into reactor systems. 

For these reasons, ALCO’s experience and qual- 
ifications for the development and production of 
nuclear components are unmatched anywhere in 
industry throughout the world. 





CORE STRUCTURE for A5W aircraft carrier reactor 
is fabricated of stainless steel, 90 in. in dia. and 
eight ft long. ALCO is also building core supports 
and associated equipment for two of six reactors. 





SYSTEM PRESSURIZER for Naval reactor is machined 
on special deep-hole drill in ALCO plant. Machine, 
one of ALCO’s advanced production tools, is pro- 
grammed electronically with computer-punched tape. 











MAJOR INSTALLATIONS INCORPORATING 





ALCO NUCLEAR COMPONENTS 


(not including Atco-built reactor systems)* 
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EBR-1 (Experimental Boiling 
Reactor) Argonne National 
Laboratories 


Intermediate liquid metal 
heat exchanger 


S1W (Nautilus prototype) Carbon steel steam generator 
NRTS (National Reactor Test Emergency coolers (hard tank) 
Station) Westinghouse, Regenerative exchanger 


U. S. Navy Non-regenerative exchanger 
Pressurizing tank—effluent 
tank heat exchanger 
Purification exchangers 
S2W (Nautilus) Emergency coolers (hard tank) 


Regenerative exchanger 
Non-regenerative exchanger 
Pressurizing heat exchanger 


Westinghouse, U. S. Navy 


Regenerative and non- 
regenerative exchangers 


PWR (Pressurized Water 
Reactor) Westinghouse, 
Duquesne Power and Light 
SAR Critical Assembly Pressure vessel 
General Electric-Knolis Atomic 

Power Laboratory 


SRE (Sodium Reactor 
Experiment) 
North American Aviation 


Primary sodium loop 
exchangers 

Secondary sodium-loop 

air blast coolers, main and 
auxiliary 


iliecitos BWR 
(Boiling Water Reactor) 
General Electric 


Emergency condenser 


$3G, S4G (Prototype and Emergency condensers 
Submarine) 


General Electric, U. S. Navy 


C1W (Cruiser) 
Westinghouse, U. S. Navy 


A2W (Aircraft Carrier) 
Westinghouse, U. S. Navy 


S5W (Submarines) 
Westinghouse, U. S. Navy 


S1C, S2C, (Prototype and 
Submarine) 

Combustion Engrg., AEC, 
U. S. Navy 


Enrico Fermi Station 
Power Reactor Development 
Corp. 


ALPR (Argonne Low Power 
Reactor) 
Argonne National Laboratory 


Syndicat d’Etude 
del’Energie Nucleare 
(Belgium Thermal 
Reactor) Westinghouse 


D1G, D2G (Prototype and 
destroyer) 
KAPL, AEC, U. S. Navy 


Elk River Reactor Project 
Nuclear Products, Erco Divi- 
sion of ACF industries, 

Sargent & Lundy 


A2W (Aircraft carrier) 
Metals and Controls Nuclear 
Corp., U.S. Navy 


Regenerative and non- 
regenerative exchangers 
Pressurizers 


Regenerative and non- 
regenerative exchangers 
Pressurizers 


Regenerative and non- 
regenerative exchangers 


Pressurizers 


Intermediate sodium 
exchangers 


Control-rod drives 


Pressurizer 


Pressurizers 
Regenerative and non- 
regenerative exchangers 


Start-up heater 
Regenerative exchanger 
Non-regenerative exchanger 
Shield cooler 

Decay heat cooler 


Core structure 
Core support 


Aco components for Atco reactors include steam generators, reactor vessels, pressurizers, shielding, shield tanks, control rod drives and others. 


GIANT SODIUM-TO-SODIUM EXCHANGERS for Enrico 
Fermi reactor arrive on site near Detroit, Mich. 
Stainless units are six ft in diameter, 30 ft long, 
weigh 124,000 lb when assembled with tube bundles. 





REGENERATIVE-NONREGENERATIVE EXCHANGER for 
U. S. Navy reactor program is fabricated entirely 
of stainless steel. ALCO’s experience in welding stain- 
less and other difficult alloy materials is unmatched. 
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PIONEERING THE 





ALCO Products’ experience in designing and 
building complete nuclear plants has added to its 
understanding of component problems. For ex- 
ample, the world’s first nuclear plant for power 
generation was built by ALCO and it incorporates 
many ALCO components. It is the Army Package 
Power Reactor (APPR-1) at Fort Belvoir, Va. In 
two years’ operation it has generated 18 million 
kwh of electricity. 

ALCO nuclear scientists and engineers have 
been in charge of the plant’s operation since its 
dedication. They have had the opportunity to 
make comprehensive studies of its design and 
components, and their interrelation. 

The knowledge gained has resulted in many 
improvements in steam generators, reactor ves- 
sels, pressurizers, core structures and control- 
rod drives. 


WORLD OF NUCLEAR POWER... 


These improvements are reflected in ALCO’s 
second nuclear plant, APPR-la, being fabricated 
for erection near Fairbanks, Alaska. ALCO is 
producing the primary system and providing 
nuclear services, under subcontract. 

The third ALCO nuclear plant was recently 
contracted for by the U. S. Army. Designed by 
ALCO, it will be truly “packaged” and air-trans- 
portable. All system components will be com- 
bined into a number of skid-mounted units, none 
weighing more than 30,000 lb or measuring 
more than 30 by 9 by 9 feet. The new plant will 
represent significant achievements in reactor 
and components design and manufacture. 

The complete experience in nuclear manufac- 
ture offered by ALCO is unique. No other com- 
ponent builder has this depth of background 
in the nuclear field. 





WORLD’S FIRST NUCLEAR PLANT for power generation is Army Package Power Reactor (APPR-1), built by 
ALCO, Plant incorporates many ALCO components which have contributed to its remarkable operating record. 











O Vapor container housing primary 
system package 
© Control console and switchgear package 
© Turbine-generator package 
© Feedwater package 
© Condenser package 
a rmeeprerfontieatexchanger package 
aie @ Air-blast cooler. package (One of three) 
o Bees with exhaugt ducts ‘ 
<a O Exhaust-ducts and additional 
SMart ae =... ioe 


, a 


= 
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FIRST TRULY PACKAGED PLANT was purchased 
from ALCO by the U. S. Army. Reactor and 
component design and manufacture represent 
significant achievements in reaching Army’s 
goal of air transportability to faraway sites. 


ed. Set Tc: 


UNDER CONSTRUCTION IN ALASKA is de- 
scendant of APPR-1. ALCO is building pri- 
mary system under subcontract. ALCO com- 
ponents in the plant have been greatly im- 
proved as a result of prior plant experience. 
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ALCO Products has often been challenged to find 
solutions to tough design and engineering prob- 
lems in nuclear components. One problem was 
posed by the first nuclear submarine, Nautilus. 

The submarine’s requirement was for an emer- 
gency cooler with sea water on the tube side and 
high-temperature, high-pressure water on the 
shell side. Imposed stresses were high, and it 
was impractical to use an expansion joint. 

After studying the problem, ALCO engineers 
designed a unique sine-wave tube. It allowed the 
joining of a rugged shell and tubesheet, without 
an expansion joint. The sine-wave tubes can take 
considerably more shock than a conventional 
expansion joint. The exchanger has operated 
successfully in the Nautilus, and in several other 
nuclear power systems since. 

In the field of pressure vessels, ALCO has de- 
veloped a process of overlay-welding stainless 
steel on a seamless carbon steel forging, to pro- 
vide the inner surface of the vessel with stainless 
steel’s corrosion resistance at lower cost, while 
retaining strength of the base low-alloy material. 
This development is in use on ALCO reactor ves- 








RADIOCHEMICAL LABORATORY at ALCo is providing 
corrosion-rate and radio-chemical data on various 
key nuclear-system components. Data is utilized to 
make components better, safer and less expensive. 
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WORLD OF NUCLEAR POWER... 
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sels, pressurizers and other equipment. In con- 
trol-rod drives, ALCO engineers designed a unit 
which combines the advantages of mechanical 
and electrical operation. The drive is installed in 
several nuclear plants. 

Other ALCO engineering and manufacturing 
advances in nuclear components have been new 
welding techniques for Inconel-X, Monel, cupro- 
nickel and ferritic stainless steels. ALCO has been 
successful in welding Type 430 ferritic stainless 
tubing to Type 304 stainless-steel-overlayed 
tubesheets, a unique achievement. 

Design and stress analysis have been advanced 
by development of an image electrical analogy 
method for determining heat-flow paths and tem- 
perature distribution in complex configurations. 
ALCO has also pioneered in programming com- 
plex shock loading and transient-temperature 
stress analyses on its data processing equipment, 
thus arriving at firm solutions to problems that 
before were only approximated. 

These are some of the reason why, in the field 
of components for nuclear power, ALCO is a 
world leader. 





STAINLESS OVERLAY WELDING. Problem: provide 
stainless interior for seamless carbon steel vessel. 
Solution: use mandrel forging and overlay stainless 
steel with submerged-arc weld to resist corrosion. 
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ANALOG COMPUTER FACILITY is used to analyze performance of ALCO components prior to fabrica- 
tion. It can also accomplish reactor simulation studies of contemplated nuclear-core and -plant designs. 


SINE-WAVE EXCHANGER. Problem: absorption of high 
expansion stress without expansion joint. Solution: 
tubes that flex through sine wave bend, thus giving 
a higher shock absorption without expansion joints. 


CONTROL-ROD DRIVE. Problem: design simple, relia- 
ble drive for possible volume production. Solution: 
combine operation through rack and pinion with 
electrical drive and scram for reliability and safety. 











ALCO 


COMPONENTS FOR 


Reactor Vessels « Custom-engineered and manufactured 
vessels up to 100 tons for pressurized-water, gas- 
cooled and other reactor systems. 


Core Support Structures « Precision-manufactured sup- 
ports and structures for critical services. 


Control-rod Drives « Electrical-mechanical drives with 
positive electric scram. 


Primary Loop Piping « High-quality prefabricating pip- 
ing to exact dimensional and cleanliness require- 
ments. 


Pressurizers * Vast experience in heavy nuclear fabrica- 
tions makes ALCO the leading pressurizer source. 


Steam Generators « Long experience in process steam 
generators plus extensive work in steam generators 
for nuclear systems. 


Primary Purification System Exchangers « Proven units 
in service in many nuclear systems. 


Decay System Exchangers * Emergency cooling and 
condensing units are examples of ALCO’s engineer- 
ing leadership. 


Liquid Metal Exchangers « Quality design and manufac- 
turing are illustrated by units for Enrico Fermi Station. 


Core Removal and Handling Equipment « ALCO’s exten- 
sive mechanical and thermal experience combine to 
produce superior equipment. 


Vapor Containers « Years of building heavy, leak-tight 
equipment for process industries qualify ALCO as a 
primary source. 


Feedwater Heaters « ALCO is a leading builder of feed- 
water heaters for both conventional and nuclear 
stations. 


Condensate Coolers *« Many conventional stations as 
well as nuclear plants rely on ALCO coolers. 


Air Blast Coolers « ALCO experience in air-cooled ex- 
changers, plus aggressive research, result in high- 
performance equipment. 


Forgings for Nuclear Components « Forged and rolled 
rings to 160 in. OD; mandrelled forgings to 60 in. 
wide by 82 in. diam; open die forgings 1000 to 
36,000 Ib to 40 ft long; made of ALCO forging steel. 


ALCO NUCLEAR PLANTS 


APPR-1 (SM-1), pressurized water reactor, fully enriched 
uranium fuel, capacity 2000 ekw, in operation since 
early 1957. 


APPR-1la (SM-1la), pressurized water reactor, fully en- 
riched uranium fuel, capacity 2000 ekw plus 35,000 
Ibs. per hr. steam, planned operation 1960. 


DM-2a (Packaged Medium-power Reactor), pressurized 
water reactor, fully enriched uranium fuel, 1500 ekw 
(net) plus 1x10 Btu per hr heat, in operation 1961. 


SM-2, pressurized water reactor, fully enriched uranium 
fuel, 6600 ekw, planned operation 1962, final design 
being completed under contract. 


Pressurized water reactor, low-enriched uranium 
fuel, capacity 125,000 ekw, design completed. 


LOOK TO ALCO FOR NUCLEAR LEADERSHIP 


Whether for components, or complete nuclear plants, you 
can depend on ALco Products’ world leadership in con- 
cept, design and fabrication. 


Atco is ready to bring its vast experience to bear on 
any nuclear-power project you are now contemplating. 


ALCO PRODUCTS, INC., New York e Sales Offices in Principal Cities e Makers of: Nuclear Re- 
actors and Components * Locomotives * Diesel Engines * Heat Exchangers + Springs + Forgings * Weldments. 


In the United States, contact ALCo Products, Inc., Nuclear 
Projects, Dept. 220, Schenectady 5, N. Y. 


Overseas, cable LOCOMOTIVE, N. Y.,or write to above address. 


Overseas licensee for nuclear plants, Humphries & Glasgow, 
Ltd., Humglas House, Carlisle Place, London, SW 1. 
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many new developments 


INCREASE PERFORMANCE, RUGGEDNESS, RELIABILITY 


CRL manipulators... 
as obedient as your hand 


Central Research Laboratories brings you important refinements in 
lateral rotation, azimuth assembly, wrist joint, tong, handle, roller 
mounts, load hook, and booting. Each is the result of CRL’s continu- 
ing program to give you the finest in master-slave manipulators .. . 
manipulators which duplicate the natural motions of the operators’ 
hand. Many of these improved features can be added to manipulators 
already in service. This program of improvement without obsoles- 
cence plus CRL’s policy of immediate shipment on spare parts 
insures continued customer satisfaction. 


a. 
(kos 


Improved roller mount: 
More rugged, more 
serviceable, less wear 
on through tube. 


Improved handle: More 
rugged, more satisfac- 
tory control of separa- 
tion indexing and 
squeeze motion lock. 


Improved wrist joint, 
tong, and tong jig: 
Greater protection of 
gears, more rugged, 
easier interchange. 
arm. 


for thru-wall installation 
CRL MODEL 8 


Thru-wall installation 
for intermediate to 
high-level shielding. 
Separation indexing 
and lateral rotation 
keeps operator close 
to window with full 
visibility over large 
area. Easy to relocate 
—one man with a 
light crane can remove 
and relocate in less 
than five minutes. 


Central Research Manipulators from basic 
Argonne National Laboratory designs 
write today for complete information to: 


Improved . booting and 
load hook: Partial or 
complete booti 
sible, load hook 
booted or unbooted 



























Improved azimuth as- 
sembly: Eliminates ex- 
posed rollers, provides 


its ter “*Z’ ti 
on greater ” motion or 
0! length. 


shorter collapsed | 


for over-wall installation 
CRL MODEL 4 


General purpose — for 
installation over a barrier 
wall or through ceiling 
opening of protective 
enclosure. 


for restricted-space 
installation 


CRL MODEL 7 


Space saving, light weight 
—for use in “junior 
caves” or over thin walls 
where minimum clear- 
ance and easy portability 
are important factors. 


Cénlial Kuueh, 


laboratories, inc. 
Red Wing, Minnesota, Dept. 102 
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Now in production, with 30 day delivery, the 
4100 is priced at $8950 f.o.b. Berkeley, Cali- 
fornia. Shown with optional LA-600 Linear 
Amplifier and optional High Voltage 


Power Supply PS-530 


BRIEF SPECIFICATIONS 


NUMBER OF CHANNELS 
CHANNEL WIDTH 

SCALER CAPACITY 
WINDOW AMPLIFIER INPUT 
WINDOW POSITION RANGE 
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A Fast, Stable 
Pulse Fieignht 
Analyzer 


Full size view of one 
channel showing 
register and 

two decades 


How Fost? 


* Double pulse resolution better than 0.5 microseconds 
* Dead time less than 0.1 microseconds 


* Average counting rates greater than 10° counts per 
second without baseline distortion or use of 
temporary storage 


How Stable? 


* Channel width less than 1% drift per week 
* Baseline less than 0.1% shift per week 


* Channel triggering level unaffected by changes 


20 age : 

1.OV NOMINAL in input pulse width 

106 COUNTS/CHANNEL 

20V NOMINAL 

‘5-105V For complete details, call your nearby Eldorado Engineering 
representative or write Dept. N-5 


Eidorado Electronics 


2821 TENTH STREET - BERKELEY 10, CALIFORNIA 
Phone THornwall 1-4613 14 
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FUELED BY SYLCOR 


Army Package Power Reactor, APPR-!, Corps of 
Engineers, Ft. Belvoir, Va. 
Core 2 


Army Package Power Reactor, APPR-IB. 
Complete critical loadigg 


Belgium Materials and Engineering Test Reactor (BR-2), 
Mol, Belgium 
Complete core and fritical loadings 


Brookhaven Gas-Coaf@d Research Reactor, Upton, N.Y. 


Complete reloadigg® and spares 
Brookhaven Medi Reactor, Upton, N.Y. 


Complete coregpading 
















on Source Reactor, Upton, N.Y. 
loading 


Brookhaven er Moderated Critical Facility, Upton, N.Y. 
Complete 4re loading 


Chalk Rive pol Test Reactor (MITR), Chalk River, 
Yy, \ Ontaria nada 
Comp) core loading and spares 


Curtis: ght Pool Reactor, Quehanna, Pa. 
Bte core loading and spares (According to 
ight design and specifications) 


mic Power Plant (PRDC), Monroe, Mich. 
ading with blanket elements 


Firookhaven Ne; 
» Complete cq 

















pratory Pool Reactor 





For every type of .. research, p 
breeder...fast and ther 
SYLCOR fuel loadings either in the pares 
Europe or the Mid-East. Bymmactor, Hamilton, Ontario, 
Whatever your plans for a react 
tion team, together with our scie 
technicians are experienced in 
control elements, or both, for your ‘ 
Indeed, the total of SYLCOR exg is massive, 
for we have now fueled more . built more fuel 
elements...than any othggisemmercial 
We suggest yo fel by SYLCOR’”’ to 8 
scientific agg@@ractical experience. 
Meagg@nile, send for ‘‘Nuclear Fuels: Key to R® 
ormance’’, ‘Bibliography of Effect of Radiat 
Solids’, “‘SYLCOR’s Package Fuel Plan’’ and ng 
sheets and detailed drawings on SYLCOR’s four § 
Fuel and Control Elements. Write Sylvania-Corniggf Nuclear "eeeee 
Corporation, Bayside, L. |., New York. Triton Reactor, 


Complete core 


nd spare 


pares 


actor, Grenoble. nce 
pte core loading pl pares 


dge, Mass. 
pecial test elements 









ce Administration Test 











0 









d Test ReactOWMRawiing, N.Y. 






Reactor, Petten, The Netherlartt 
ding and spares 






ate College Research Reactor, 






e loading plus spares 









on Northe tes Power Reactor, Sioux Falls, S. D. 
Fuel folpiler critical loading 










data Penn StateW@Ractor, State College, Pa. 

Andard Complete e loading 

‘ors, A.E.C., Savannah River, S. C. 
dings 













lay, France 
ading plus spares 


Gainesville, Fla. 
plete loading plus spares 


University of Florid 
Argonaut type; co 


Wright Field Reactor, yton, O. 
Two complete core dings 
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DEPENDABILITY 
DEMONSTRATED 


Now...basic characteristics 
of Metal Mold Centrifugal Casting 
contribute to the reliability 


of new Lacrosse Missile 





THE ARMY'S 
LACROSSE MISSILE 


U.S. Pipe supplies the barrel nozzle in a Cr-Mo-V low alloy 
steel analysis, heat treated to the following minimums: 
95,000 psi tensile strength, 75,000 psi yield strength, and 
10% elongation. This alloy is specifically designed to meet 
exacting military specifications. Various other analyses in 
carbon, alloy and stainless steel are produced. 






Centrifugal casting, a direct production approach to 
quality, is now finding new and increasingly useful 
applications in rocketry and missile engineering. 


U.S. Pipe, for example, supplies the alloy steel barrel 
nozzles for the Army’s tate Missile as semi- 
finished, partially hot-forged lengths. These pro- 
duction pieces are being supplied to The Martin 
Company, Orlando, Florida — prime contractor for 
the Lacrosse, and to Parish Pressed Steel, Reading, 
Pennsylvania — subcontractor to The Martin Com- 
pany. The contractors then finish machine them for 
assembly in the propulsion units. 


Centrifugal casting offers ordnance design engineers 
several outstanding advantages: 


1. Versatility. Many different alloy and stainless steel 





analyses, sizes and contours can be produced starting 
with a hollow billet. 


2. Dependability. Years of experience in producing 
metal mold centrifugal castings assures high quality 
and reproducibility. 


3. Economy. Maximum utilization of the right 
material produced with a minimum of processing to 
achieve overall efficiency. 


Can these basic  pommes meet the requirements and 
lower the cost of your material needs? Write today 
and outline your particular problem. 


Size Range & Composition Flexibility 
Outside Diameter—6” to 60” + Wall Thickness—%” and up 
Length— Up to 25’ 
Types of Steel Cast, Carbon, Alloy and Stainless—all stand- 
ard AISI and ACI grades. 


UNITED STATES PIPE & FOUNDRY CoO. 


BURLINGTON, NEW JERSEY 
SALES OFFICES: BURLINGTON, BOSTON, BIRMINGHAM, CHICAGO, CLEVELAND, LOS ANGELES, NEW YORK, PITTSBURGH, SAN FRANCISCO, ST. LOUIS 
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United 


Hermetically sealed control rod 
drive mechanism using a 60 
cycle power supply to meet 
U. S. Navy requirements. 














CONTROL ROD DRIVE MECHANISMS 
In addition to design, development and manufacture 
of control rod drive mechanisms to your submitted 
specifications . . . United’s continuing research has re- 
sulted in the development of the United Harmonic 
Drive principle — a method of transmitting power 
through steel walls by controlled deflection waves that 
produces positive linear motion. Using the new prin- 
ciple, the control rod drive mechanism wall is de- 
flected within endurance limits of suitable materials, 
engaging the lead screw and actuating the control rod. 
The United Harmonic Drive principle gives precise 


ra eer An Un... 


Components Systems 


NUCLEAR PROGRAMS 


. . a reliable subcontractor for control rod drive mecha- 
nisms, refueling systems, valve actuators and special remote operat- 
ing equipment . . . offers the experience, special skills and complete 
integrated facilities of their Atomic Power Department to the 
nuclear industry — and to you. 


Reactor 


FOR YOUR 


We would welcome the opportunity to discuss your particular 
problems or requirements in the development of reactor compon- 
ents for your nuclear programs. 


1 inch globe valve with a hand 
operated United Harmonic 
Drive actuator. The actuator is 
adaptable to motorized opera- 
tion, 





motion control with positive position indication and 
offers mechanism and system cost savings. 


HERMETICALLY SEALED VALVES 


United’s Harmonic Drive principle has also been ap- 
plied to valve actuation. The new principle uses a 
United Harmonic Drive linear actuator to position 
the valve plug. Test results on a hermetically sealed 
valve for design pressures up to 3000 p.s.i. at 600°F 
have proven reliability. United Harmonic Drive is 
readily adaptable for a wide range of valve sizes. 


rR SS Oem. i 
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REFUELING SYSTEMS 


United’s experience in the design and development of 
both wet and dry reactor refueling systems includes 
such projects as submarine reactors, two shipboard re- 
actors and the first large scale commercial nuclear 
power plant (PWR). 


Systems designed and built by United: 


Equipment for replacing individual reactor core ele- 
ments within the submarine Triton’s hull. 


Manually operated equipment for shipboard reactors 
using an underwater periscope for positioning. Equip- 
ment is segmented for easy installation and storage. 


Refueling system for the PWR at Shippingport, 
Pennsylvania. Remote controlled handling tool is 
guided down through 30 feet of water, through 
the vessel head to the hot core. Precisely locates and 
easily extracts or inserts any of 145 fuel cells even 
those which are offset sharply from one of the 
10 access ports. 


WRITE FOR illustrated folders that 
give full information and specific 
details on the equipment 

and components shown. 





PWRhondling crane and extraction 
tool as installed at Shippingport, 
Pennsylvania site. Trolley structure 
traverses canal length and supports 
vertically sliding extraction tool. 





SEAL WELDING AND 
CUTTING EQUIPMENT 
The design and development of automatic seal 
welding and cutting equipment for nuclear reactors 
is an important activity at United. One such de- 
velopment involved the design and manufacture of 
cutting and welding equipment using consumable 
inserts for the U.S. Navy submarine Triton (S4G). 
Equipment will cut and re-weld 11 inch diameter 
welds on the control rod drive mechanisms at the 
various angles. A control unit provides automatic 
sequencing of welding operations and the design of 
the welding unit allows use in spaces as close as 
.1% inches from weld. to adjacent mechanisms. 
Equipment can be operated with any or all control 
drive mechanisms in place and its reliability elim- 
inates the necessity for radiographic inspection. 
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Full scale SDR tests Pawling research reactor 
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ROUNDUP 








of Key Developments in Nucleonics 


$200-Million, 9-Reactor Program Emerging in Capital 


In the kaleidoscopic manner which has become characteristic of the 
annual reactor debate in Washington, AEC and the Joint Committee on 
Atomic Energy inched toward agreement last month on the AEC reactor 
program for fiscal 60 and beyond. As a result of the month’s tugging 


and hauling, the long list of U. S. 
reactors appears likely to get nine 
new entries—and possibly one or 
two more—when Congress com- 
pletes its review of the AEC pro- 
gram in the next few weeks. To- 
talling more than $200-million in 
new projects, they are: 

1. A 25-Mw(e), gas-cooled, gra- 
phite-moderated, prototype reactor 
—based on the ACF-Kaiser design 
(NU, March ’59, 17)—to be built 
at Oak Ridge and hooked up with 
a turbogenerator now available 
there. Some 4-6 loops would be 
run through the core to permit ex- 
periment with different gases simul- 
taneously. The reactor would be 
tied into the TVA grid but its 
electricity would be fed back to 
ORNL; TVA, it is understood, 
would like to operate the plant. 

2. The high-temperature, gas- 
cooled reactor proposed by Phila- 
= Electric and 51 other utility 


8. A $10—12-million boiling-water, 
nuclear-superheat reactor to be built 
either in Puerto Rico or in the U. S. 
Final location and design is de- 
pendent on several current develop- 
ments, including superheat pro- 
posals filed by industry in late April 
(NU, Apr. ’59, 28). A smaller 
boiling-water reactor of less ad- 
vanced design may be considered 
for Puerto Rico if the superheat re- 
actor is given a U. S. site. 

4. A 25-Mw/(th), $5-million ex- 
periment of the organic-moderated 
concept (OMRE-2) to be built at 
an AEC site and designed for easy 
replacement of coolant, moderator 
or fuel. 

5. A 40-Mw(th), $4-million proc- 
ess-heat reactor—either at an AEC 
site or under the saline-water pro- 
gram of the Interior Dept. 

6. A $10-million, 20-Mw(e) re- 
actor of either boiling-water, pres- 
surized-water or OMR concept to 
be built in cooperation with a pub- 
lic-power sponsor. The Los Angeles 
Power & Light Dept. is one known 
to have expressed interest. 

7. A $10-million BWR which 
_— also be built cooperatively 
with a public-power body. Sargent 


Vol. 17, No. 5 - May, 1959 





& Lundy, according to AEC, re- 
cently completed an updated EBWR 
design (Experimental Boiling Water 
Reactor) which could be built for 
$10-million in a 25-Mw/(e) size; 
this compares with $7-million for a 
conventional plant, AEC said. 

8. A 50-Mw(e), $40-million, high- 
— high-density BWR to be 

uilt cooperatively with industry 
under the capital-subsidy scheme 
proposed by AEC Chairman Mc- 
Cone in February. General Elec- 
tric and an undisclosed utility have 
informally discussed a 75-Mw(e) 
reactor of this type with McCone, 
though they are not proposing capi- 
tal aid because it would be neces- 
sary to go through a competitive 
bidding procedure. 

9. A $50-million, natural-uranium, 
heavy-water reactor which would 
not be scheduled for a construction 
start in fiscal "60; the project would 
be authorized but only design and 
development work would go ahead 
in "60. 


Anderson Endorsement 

With the exception of No. 8, this 
is the list of reactors proposed by 
JCAE Chairman Clinton P. Ander- 
son (D-N. M.) to McCone as the 
hearings on AEC’s authorization bill 
ended in mid-April. The full list 
includes six proposed by McCone in 
February, plus three sponsored 


within the year by JCAE (Nos. 
8, 7 and 9). McCone, in his public 
appearances at JCAE, was only luke- 
warm about the additional projects; 
but he is reported to be personally 


“re to them. 


list does not include a proj- 
ect which is known to have support 
within JCAE—an ype hy bers 
rototype. A design study of thi 
aan OMR <a ar of five 
added to AEC’s reactor program by 
JCAE last summer (NU, July ’58, 
22). Four of the five studies have 
been completed by industry teams 
and the —BWR with nuclear 
superheat—has been prepared in 
preliminary form and final report is 
due this fall. Highlights of the 
studies as filed with AEC: 

@ Advanced OMR. Atomics In- 
ternational and Bechtel Corp. were 
asked for 4 75-Mw(e) design but 
also produced an optimum a 
of 300 Mw. In the larger size, the 
reactor would cost an estimated 
$69.5-million ($232/installed kw) 
and produce electricity at 8.1 mills. 

@ Advanced BWR. Ebasco and 
General Electric proposed a 306- 
Mw/(e) plant costing $92.2-million 
($301/kw) and producing elec- 
tricity at 9 mills. Testifying on 
their study at JCAE hearings, GE 
officials said the plant would require 
only $1.3-million in research and 
development money. They also 
emphasized the “normal commercial” 
basis on which the estimate was 
made—including insurance and 
overhead. The 306-Mw size is 
optimum for available turbines. 

@ Advanced PWR. Stone & 


AEC suggests compulsory-licensing extension 
In a draft bill submitted to the Joint Committee on Atomic 
Energy in mid-March, AEC has proposed extending the compul- 
sory-licensing provisions of the 1954 Act for five years, or until 


Sept. 1, 1964. The provisions, which permit AEC to declare vir- 
tually every nuclear patent “affected with the public interest, 


were to have expired Sept. 1. JCAE began public hearings on the 
patent provisions of the ’54 Act on Apr. 20. 


PWR second core may deliver 150 Mwile) 

The second core for Shippingport—scheduled to be installed 
during fiscal ’60—may have an output of 150 Mw(e), or 2% times 
its present 60 Mw(e) net. Fabrication cost, exclusive of uranium 
cost, is expected to be about $13-million—about the same as the 
first core. But the new core will have a capability of supporting 
3-billion kwh, against 500-million in the first. 
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Webster and Combustion Engineer- 
ing proposed a 238-Mw(e) reactor 
costing $58.1-million ($248/kw) 
and producing electricity at 8.26 
mills. Their design is also optimum 
—limited by pressure-vessel size. 

© Advanced Heavy-Water. Sar- 
gent & Lundy and Nuclear Develop- 
ment Corp. of America produced 
both prototype and full-scale de- 
signs. Their 69-Mw(e) design 
would use natural uranium, deliver 
steam at 27% efficiency, cost $49.8- 
million, and produce electricity at 
19.1 mills with a natural-U core or 
18.2 with a slightly-enriched core. 
Their 208-Mw(e) reactor would cost 
$82.l-million, operate at 25.1% 
efficiency and produce electricity at 
11.7 mills. Both reactors are pres- 
sure-tube and direct-cycle, with nu- 
cleate boiling. 

© BWR superheat. Combustion 
Engineering and the Puerto Rico 
Water Resources Authority, in their 
interim report, have suggested a 
plant of 50 Mw(th) or 17 Mw(e) 
gross. Total cost would be some 
$10.9-million for a reactor deliver- 
ing 900° F steam at 34% efficiency. 

AEC analyses of the four final 
reports were to be presented to 
JCAE by May 1. Of the projects 
themselves, two, of course, are in 
the Anderson list (Nos. 8 and 9) 
and a third—intermediate OMR— 
has JCAE support. The full-scale 
BWR and PWR, according to a 
JCAE source, are not under con- 
sideration by the Committee for 
construction in the U. S.; instead, 
the Committee expects the design 
work to be available to prospective 
sponsors under the U. S.-Euratom 
program (see page 28). 


Capital Subsidy Questionable 

As JCAE prepared to go into 
executive meetings late in April to 
vote on the 60 reactor program of 
AEC, there was considerable doubt 
that they would go along with the 
amendments to the 1954 Act re- 
quired to permit AEC to offer cap- 
ital-subsidy aid for prototype re- 
actors. One reason was the under- 
current of opposition to the idea 
within JCAE (even Anderson, who 
has urged capital subsidies on his 
own, said he could: not accept the 
AEC suggestion for absorbing the 
full capital-cost increment over a 
conventional plant). Another reason 
was the fact that only one of the 
reactors “nominated” for the ’60 
program would be affected by the 
capital-subsidy proposal—the high- 
density BWR. Thus, a year’s delay 
is likely on the subsidy idea. 
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Big month for reactors the world ‘round 


In no less than tour major reactor developments abroad: 

1. Westinghouse and Societa Elettronucleare Italiana (SELNI) 
signed a contract for construction of a 160-Mw/(e) net, pressurized- 
water reactor for operation by March ’63 in northern Italy. For 
more than a year Westinghouse has had a letter of intent covering 
a project of Yankee size—134 Mw (NU, Feb. ’58, 25). The re- 
actor will have a larger core than Yankee, though similar in its 
stainless-steel cladding and other respects. Construction was to 
start immediately; SELNI does not qualify for the U. S.-Euratom 
program but is expected to borrow substantial capital funds from 
the U. S. Export-Import Bank and will be eligible for deferred 
fuel payment. 

2. British General Electric and Japan Atomic Power Co. signed 
a provisional contract for construction of a 159-Mw(e) gas-cooled 
reactor in Japan (see page 34 for other details). 

3. The U. K. and 11 other Western European nations (France, 
Germany, Italy, Belgium, Netherlands, Luxembourg, Austria, Den- 
mark, Norway, Sweden and Switzerland) signed an agreement to 
build a high-temperature, gas-cooled reactor at Winfrith Heath, 
Britain. “Dragon” will cost about $38-million—$28-million con- 
tributed by the U. K. In Washington, AEC Chairman John 
McCone said AEC would participate in all information exchanges 
on the project and might contribute to the cost. 

4. U. Ks Mitchell Engineering, in association with AMF 
Atomics and Combustion Engineering, sold a 22.5-Mw(e), boil- 
ing-water reactor to Cuba and was nearing a contract with Brazil 
for at least one more BWR. 


Mergers: one consummated, another proposed 


North American Aviation announced it was acquiring Foster 
Wheeler last month and, a few days later, stockholders of Texas 
Instruments and Metals & Controls approved Texas’ acquisition of 
M & C (NU, Feb. ’59, 22). Merger of F—W into NAA, to go be- 
fore both sets of stockholders in July, would strengthen NAA in 
two areas of the power-reactor business—stationery and marine 
propulsion plants. F-W is an important equipment supplier to 
the domestic utility and shipbuilding industries, a supplier to the 
naval reactor program, and has a joint interest with Rolls Royce 
and Vickers in supplying the prospective nuclear navy in the U. K. 


Los Alamos excited about direct conversion 


Clearly exultant about their successful experiment in converting 
heat from a uranium-carbide/zirconium-carbide fuel element into 
some 100 watts of electricity, Los Alamos scientists said last month 
they have some ideas for full-size power reactors using their 
cesium-plasma principle; but at this point the concepts are classi- 
fied. In the meantime, they were dismantling their Project Rover 
experiment to determine the conversion efficiency of the plasma 
thermocouple; several more devices of about the same size are 
projected. Thermal efficiency in the lab has been running around 
15%, they said, and “there is no reason why it can’t go to 30%.” For 
its 12 hours of operation in the Omega West reactor the experi- 
ment achieved 1,500° C at the %-in. fuel element and dumped 
heat at 300° C. About the size of a frozen fruit-juice can, the unit 
has a ceramic fuel slug at center, a surrounding cesium plasma, a 
liquid-cesium pool, and the necessary connections for electrical 
output and heat sink. 
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Accent on Radiation: Washington Studies Some Changes 
1: Shift of Safety Standards to USPHS Possible 


AEC’s dual responsibility for encouragement and regulation of atomic 
energy was attacked “on principle” last month by the National Advisory 
Committee on Radiation, a group appointed last year by the U. S. Sur- 
geon General, head of the U. S. Public Health Service. Ironically, how- 


ever, the challenge seemed aimed 
at two areas where AEC has little 
of either promotional or regulatory 
responsibilities—weapons fall-out 
and X-ray machines. 

NACR, headed by Russell H. 
Morgan, of Johns Hopkins Univ., 
found “a series of weaknesses” in 
the present U. S. posture for control 
of radiation hazards: (1) no “uni- 
form regulatory mechanisms” cover- 
ing all radiation sources; (2) an in- 
sufficient quantity of data on which 
to base radiation-protection stand- 
ards; (3) dual responsibility for 
promotion and regulation of atomic 
energy sources vested in a single 
agency—AEC; and (4) a shortage 
of radiation-health specialists and 
radiological technicians for carrying 
out an effective control program. 


Report Ambiguous 

However, while NACR was chal- 
lenging AEC’s dual responsibility, 
it was also stating specifically that it 
did “not wish to imply that AEC 
should not continue to pursue inten- 
sive radiation safety programs for 
the control of hazards in its own 
installations and in those of its con- 
tractors and licensees.” AEC offi- 
cials interpreted this as leaving vir- 
tually untouched the Commission’s 
highly organized safety and inspec- 
tion supervision over its own pro- 
grams, its contractors and _its 
licensees. 

Instead, according to AEC and 
other observers, the recommendation 
would give to the U. S. Public 
Health Service basic responsibility 
for investigating the broad public- 
health aspects of radiation—such as 
exposure levels—and for setting 
radiation standards. 

Also, USPHS would take juris- 
diction (or share it with state 
bodies) over X-ray machines (not 
now under AEC jurisdiction). The 
question of monitoring fall-out— 
whether USPHS should assume 
AEC’s responsibility—is now under 
study by the Budget Bureau (NU, 
Apr. ’59, 17); Budget may also de- 
cide to ask Congress to give USPHS 
the broad radiation authority recom- 
mended by NACR. 

The NACR report prompted Sen. 
Lister Hill (D-Ala.), chairman of 
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the Senate Labor and Welfare Com- 
mittee, to introduce legislation au- 
thorizing USPHS to establish a radi- 
ation program. A subcommittee of 
the committee has scheduled hear- 
ings on the Hill bill for late in 
April. 

Leaders of the Joint Committee 


on Atomic Energy were 
sympathetic to a USPHS program. 
But one, Rep. Chet Holifeld’ (D- 
Cal.), warned that USPHS might 
not fare as well as AEC has in get- 
ting funds from Congress. NACR 
recommended a spending level of 
$50-million annually at USPHS 
within 5 years. 

Also, the entire radiation ques- 
tion is affected by the federal-state 
jurisdictional relationship, which 
already finds AEC recommending 
greater state assumption of AEC 
licensing and inspection responsibil- 
ities (see proposed AEC bill below). 


2. JCAE Completes Injury Compensation Inquiry 


The Joint Committee on Atomic 
Energy found widespread agree- 
ment during two weeks of hearings 
last month that state workmen’s 
compensations laws do not provide 
adequate protection for radiation- 
injured employees. But, although 
there is strong sentiment for some 
type of federal participation, a fed- 
eral workmen’s compensation law 
for radiation workers soon is unlikely. 

Indeed, the JCAE inquiry was 
not directed as much at early legis- 
lative action as it was at assessing 
the nature and extent of radiation 
hazards, protection and compensa- 
tion for injury. A committee re- 
port is expected later this year. 

Aside from what the respective 
federal and state roles might be in 
providing compensation for injury, 
the inquiry called attention to these 
other problems peculiar to radiation 
workers: 

© No one knows how much radia- 
tion is too much, as reflected by the 
successive lowering of recommended 
maximum permissible exposure from 
100 rems annually in 1934 to 5 


rems as recently as 1956. 

© Radiation damage may take as 
long as 35 years to show up. Which 
of several employers, say, is respon- 
sible? If an injured worker has 
moved from one state to another, 
which state: has jurisdiction? 

© Radiation-induced _illnesses— 
cancer, leukemia, etc.—may just as 
well have occurred from causes 
other than radiation. 

JCAE’s witnesses gave general 
endorsement to the model state 
compensation law drafted by the 
Council of State Governments. The 
model provides full coverage for 
radiation diseases, for dating time 
limits on claims from the time a 
worker knows of his radiation dis- 
ability, for special medical treat- 
ment and maintenance benefits dur- 
ing rehabilitation, and for creation 
of special funds to relieve the bur- 
den of the last of several employers. 

Organized labor renewed de- 
mands that the federal government 
take complete jurisdiction over radi- 
ation compensation (NU, Feb. ’59, 
22). 


3. AEC Drafts Bill for More State Authority 


AEC disclosed last month that it 
was willing to transfer “by far the 
greatest part of present licensing 
and regulatory activities” to state 
bodies qualified to take jurisdiction. 
The offer was made shortly before 
hearings of the Joint Committee on 
Atomic ee to begin 
May 12—on federal and state con- 
trol of the atom. Legislation pro- 
posed by AEC would permit AEC: 

© To enter agreements with any 
state governor, transferring to him 
regulatory control over milling of 
uranium or other source materials, 


radioisotopes used in _ intra-state 
commerce, research quantities of 
special nuclear material, and dis- 
posal of most minor nuclear waste 
materials. 

@ To retain jurisdiction over all 
reactors; chemical-processing plants; 
possession, storage and transporta- 
tion of nuclear fuel; fuel-manufac- 
turing plants; and any activity 
where ial nuclear materials pre- 
sent a criticality problem. AEC 
would also control distribution of 
anything containing radioactive ma- 
terials. 
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Coal Glut and Slowing Power Growth Hinder Euratom 


With fingers crossed and eyes raised heavenward, the 
U. S. and its Euratom partner in a 1,000-Mw(e) nu- 
clear-power program last month formally invited Eura- 
tom utilities to sponsor the 6-8 reactor projects required 
to put the program across. The utilities were asked to 
submit their proposals by Sept. 1 for construction of 
some 700 Mw of reactor capacity by Dec. $1, 1963, 
the rest by Dec. 31, 1965. 

The invitation could not have come at a worse time. 
The coincident pressure of a coal glut and a levelling off 
of electricity demand in Western Europe have combined 
to bring a marked stiffening against expensive nuclear 
power plants. 

A survey by NUCLEONICS correspondents on both sides 
of the Atlantic showed that only one project (SENN) 
was a sure thing for proposal by the Sept. 1 deadline. 
Only two others (sponsored by AKS, Stuttgart, Germany, 
and SEP, a utility group in Holland) appeared advanced 
enough to meet the deadline. 

Behind these—in varied stages of consideration—were 
these additional — (see map): a Belgian-Dutch 
= at Mol, Belgium; an all-Belgian station sponsored 

y the ETE syndicate at a site selected but not yet 
announced; a reactor in the northern Dutch Brabant, 
sponsored by the KEMA syndicate of utilities and 
manufacturers; the Belgian-French project at Givet, 
France; and the 200-Mw project of Germany’s RWE 
(NU, March ’59, 26). 

The Sept. 1 deadline was one of many facets of the 
U. S.-Euratom arrangement that came under attack by 
an official of a French nuclear firm at the industry meet- 
ing in Cleveland early in April. Robert Gibrat, pres- 
ident and general manager of Indatom, Paris, gave four 
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“typical opinions” of the agreement abroad: (1) U. S. 
capital loans at 4% interest offer small incentive in 
terms of an extra cost of $250/installed kw for nuclear 
plants; (2) failure to protect industrial property rights is 
discouraging participation in the research and develop- 
ment program; (3) the Sept. 1 deadline for reactor 
at tenes does not permit European manufacturers 
sufficient time to work out truly joint proposals with 
U. S. manufacturers; (4) the fuel-element guarantees 
are too strict to permit European manufacturers to 
supply subsequent cores. AEC officials said the Sept. 1 
deadline could be relaxed if the initial response to the 
April invitation so indicates (notice of intent to make 
proposals is due May 28). 


THE INVITATION 


The joint U. S._Euratom invitation and accompanying 
fact sheet reflected little substantive change from tenta- 
tive ground rules published in the U. S. late last year 
(NU, Dec. ’58, 22). 

Each sponsoring utility or utility group must produce 
evidence that competitive bidding was followed; that he 
has a binding manufacturer’s commitment to build; and 
that he will operate the plant for ten years. Manufac- 
turer’s commitment may be contingent upon the neces- 
sary statutory licenses and availability of third-party 
liability; but the proposal may not be contingent on a 
research and development program. Those proposals 
accepted will be entitled to: 

Capital loans. Not more than 40% of project cost, 
including initial fuel loading, will be available at 414% 
interest from a $135-million loan to be made to Euratom 
by the U. S. Export-Import Bank. Formal Euratom- 
Exim agreement has not yet been reached. 

Fuel supply. The Euratom Supply Agency will allo- 
cate up to 30,000 kg of U™ supplied by AEC in en- 
richments up to 20%. ESA will retain title to the fuel 
and AEC will have a first lien. For the first 10 years, 
ESA will make a 4% annual use charge (fuel value), plus 
administrative and handling costs—deferring payment 
for the fuel itself during this period. 

Plutonium buyback. ESA will enter into 10-year 
contracts with the users. 

Fuel reprocessing. Pending availability of Euratom 
facilities, AEC will reprocess fuel on U. S. terms. 

Fuel guarantees. For the first 10 years, AEC will 
guarantee that fabrication charges will not exceed speci- 
fied levels and burnup will not fall below specified mini- 
mum integrities (NU, Oct. 58, 24). 

A joint board will evaluate the proposals under criteria 
in which the main element is the extent to which the 
proposals will draw on funds, materials and services. 
Other criteria: (1) the reactor will produce ~150 
Mw(e) at a price fairly close to conventional plants at 
time of completion; (2) the reactor has potential for 
improvement which the operator plans to exploit; (3) it 
will contribute to the advancement of the technology; 
and (4) it will contribute to a strong, competitive equip- 
ment industry in the U. S. and the Euratom nations. 
Also, location will be considered and authority for use 
of the site must be submitted. 

Deadline for final selection of the program’s projects 
has been set at Dec. 31 of this year but the intent is to 
reach earlier decisions. Goal for final contractual ar- 
rangements is April 1, 1960. All contracts will be re- 
viewed by the U. S. Congress. 
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. . - But Hirsch Urges Foresight on 6-Nation Needs 


: BRUSSELS 

“A thousand megawatts 
isn’t much.” Euratom’s 
new president, Etienne 
Hirsch of France, used this 
phrase last month to mini- 
mize the uncertainties sur- 
rounding the nuclear com- 
munity’s first major program 
(opposite page). He was 
suggesting that the pro- 
gram was really too mod- 
est to be affected by the 
coal or other short-term 
crises in Western Europe 
and should not be per- 
mitted to fall victim to them. 

Hirsch was interviewed by NucLeontcs shortly after 
he succeeded Louis Armand in Euratom’s | post. 

Of immediate concern, Hirsch admitted, was the coal 
crisis. But, he cautioned, long-term plans for such 
things as nuclear power must not be based simply on the 
short-term peaks and troughs of coal production or elec- 
tricity demand. 

“However you look at it,” he added, “Europe is going 
to need a whole lot of nuclear power. We figure that 
within 20 years she will need as much nuclear power as 
she now consumes electric power from all sources. This 
is about 200 billion kwh annually in the six countries. 
Moreover, there has been an average consumption in- 
crease around 7% a year, say 14 billion kwh. 

“Against this background the million kw of the 
U. S.-Euratom program appears in its true light as no 
more than a foray, a small-scale (though very impor- 
tant) attack on a big problem aimed to learn more about 
this new way of hening things. From this million kw 
of installed capacity we shall get some 6-billion kwh per 
year—a 5-year program to install less than a half year’s 
normal increase in power requirements.” 


MANPOWER AND POWER GOALS 

Hirsch emphasized that one of the major benefits of 
“this beginning” will be the practical training gained by 
European scientific and technical personnel. What is 
lacking now, he said, is the hard core of people who 
have had practical experience, the necessary men who 
will avoid a situation in which the blind will be leading 
the blind. 

Reflecting the influence of his experience as head of 
France’s economic development plan, as well as Elec- 
tricité de France, Hirsch said Euratom would make a 
careful attempt to set a realistic pace for nuclear-power 
development. 

“We must get right down to the roots [of supply and 
demand],” he said. “We must not only get a close idea 
of the economic facts, but we must know, so far as pos- 
sible, what degree of expansionist policy the pt ge oa 
ments intend applying to deal with them. y then 
shall we know the time incidence in the increase in the 
demand for power; and only from this can we make a 
close estimate of what will have to be the nuclear in- 
dustry’s contribution, and what scale of manufacture will 
be needed in the many branches involved.” 

The study along these lines is not exclusively a Eura- 
tom matter, Hirsch pointed out. It concerns also the 
Coal and Steel Community and the Common Market 
agreement of the six nations. A beginning has been 
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made by the energy requirements committee of the CSC. 
But even its report—expected soon—will be only the first 
word on future requirements. As for the two-year-old 
report of the “Three Wise Men” for the six nations, 
Hirsch confirmed that it will be updated—later this year 
—in the light of the current coal situation, probable new 
oil and gas supplies from the Sahara, and other events 
bearing on the subject. 

“It may be,” Hirsch suggested, “that when we see 
the whole picture, we shall find the curve of nuclear 
power requirements rises less steeply at first than we 
thought. But, if so, it will rise the more steeply after- 
wards. So far as concerns the later picture—from about 
1975—my views have not changed in the least.” 


EURATOM RESEARCH PROGRAM 


A major part of Hirsch’s assignment—and that of his 
staff of some 360—is to prevent undue overlapping of 
research programs and to schedule the work on the most 
rewarding priorities. The mind of Euratom, Hirsch 
stressed, must be open to all new ideas “and the weight 
of Euratom must never be on the wrong foot.” 

The agreements with the U. S. and U. K. are framed 
to keep the organization in close touch with two of the 
leading areas of nuclear development and another such 
agreement is under negotiation with Canada. There is 
no prejudging of any issue, Hirsch made it clear, in the 
fact that Euratom’s own initial prototype reactor will be 
a ——. experiment. 

“Nobody knows the result of the race in 10 or 20 
years’ time,” he observed, “but it is our duty to study the 
form.” The same idea, he indicated, inspired the deci- 
sion placing emphasis on controlled fusion in the award 
of Euratom’s first research contracts. 

“The new nuclear revolution [fusion] may be some 
way ahead,” Hirsch agreed, “but we have to be ready.” 


EURATOM'S FIRST ANNUAL REPORT 

Within a few days of the Hirsch interview, Euratom 
published its first annual report. In it is a formal scal- 
ing down of the 15,000-Mw goal for 1967 of the “Three 
Wise Men,” in favor of a 4,000-Mw goal for 1965 (NU, 
Apr. ’59, 18). Other highlights: 

© The Nuclear Measurement Central Bureau has been 
given temporary quarters at Mol but no site has been 
picked for the Euratom Research Center. 

® Two contracts for controlled-fusion research have 
been let—one to the French AEC and one to the Max 
Planck Institute, Munich. 

@ A two-phase plutonium research program has been 
mapped out: (1) work on Pu alloys and oxides, includ- 
ing mixed oxides of the UO:-PuO: type; and (2) even- 
tual extension of Pu technology to fast breeders and 
recycling in thermal reactors. 

© Euratom has accepted a study-group recommenda- 
tion that the first Euratom-sponsored prototype reactor 
should be a a the study-group has been 
asked to work out a re: -development program. 

e A three-tiered third-party liability program has been 
proposed which would work like this: each Euratom na- 
tion would ratify a convention requiring national indem- 
nification beyond the $5-15-million proposed in the 
OEEC convention (see page 34). When damages from 
an accident exceed both the OEEC and Euratom maxi- 
mums, the Euratom nations would contribute to a joint 
pool. 
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Alco: Still Amortizing R & D But Profits Begin to Flow 


Alco Products Inc. is one of the few major reactor manufacturers that 
is satisfied with its present financial position on its over-all nuclear 


operations. 


The company is quick to disclaim any notion that it “is making money 


in atomic energy”—cumulatively. 
In other words, it is still far from 


having recovered 
its early invest- 
| ment, which it con- 
siders “the normal 
rice to be paid 
— tor entering a new 
© field.” Neverthe- 
' less, the old Navy 
phrase “satisfied but not content” 
describes the company’s attitude, 
for the direction of flow of funds is 
reversing; some nuclear projects are 
already money-makers, and Alco 
might well have been in the black 
for the calendar year 1958 on all its 
nuclear work were it not for the 
high cost of research and develop- 
ment. 

“We have reached the point,” 
Admiral Wilson D. Leggett, Jr., 
Alco’s engineering vice president, 
told NucLEonics, “where some of 
our nuclear activities are commenc- 
ing to show what the company con- 
siders its normal margin of profit. 
We expect this trend to continue. 





This makes Alco interesting as a 
case history of a company that has 
done better than most—or perhaps, 
better faster than most—in the re- 
actor business. Study of this case 
reveals, almost at first glance, that 
the secret of success in this difficult 
business in which many an outstand- 
ing firm has already come a crop- 
per would appear to be picking 
one’s spots. And the secret of the 
spot: pick a specialty application 
for the military, and stick to it. 

For Alco—like two other reactor 
firms known to be making money— 
has built its success to date on work 
for the armed services, in Alco’s 





case, design and fabrication of pack- 
age power plants for the Army, and, 
more recently, fabrication of primary 
components for the Navy. 


Fortuitous Link 

There was something of chance 
about the way Alco came to work 
for the Army, just after the setting 
up—now barely five years ago—of a 
Nuclear Power Engineering depart- 
ment. The company had bid on 
parts for PWR and lost to Du- 
quesne (its earlier encounters with 
atomic energy had been as a supplier 
for four years of endless amounts of 
nickel-plated pipe for the gaseous 
diffusion works at Oak Ridge, Ports- 
mouth and Paducah, and of number- 
less “pile plates” for Hanford). 

Just after NPED was set up under 
Kenneth Kasschau, Alco got an in- 
quiry on the Army Package Power 
Reactor job. Alco bid—the first 
nuclear plant it bid on as an entire 
plant—and got the job. It was 
common knowledge in the industry 
that Alco had “bought the job” by 
massive underbidding, and is re- 
puted to be in the process of amor- 
tizing a $2%4-million loss on the job. 
But APPR-1 has worked well and 
smoothly, beyond even the hopes of 
its designers, and Alco is now, less 
than five years later, working on de- 
sign of a third-generation APPR. 

As one Alco group manager in the 
fields puts it, “Not many people 
make money in this business. Weve 
been through a lot of phases. We 
paid our initiation fee, lost a lot of 
money; then went through a period 
when we didr.’t get any business: 
we had overpriced ourselves. We 
examined our consciences to see 





Alco’s Major Reactor Projects 





Reactor power 





Name 


PM-la (ex APPR-la) 20 
PM-1b 28 
SM-1 10 15 





* plus 10 Mw(th) space heat 


Mw(th) Mw/(e) 


PM-1 (ex APPR-1) 10 1.85 
1.68* 


Location Startup 
Ft. Belvoir, Va. 1957 
Ft. Greeley, Alaska 1960 
For Nike-Zeus stations, 
locations not yet set ? 
Greenland 1960 (?) 





where we could cut costs. Now 
we're competitive and still can meet 
quality requirements. 

“The company has made up its 
mind,” he continues, “to become a 
factor in this business. We are in 
it to stay, and we intend to do what- 
ever is necessary to grow and pros- 
per and become dominant in it.” 

Talk like this, coming from a field 
group manager, may be taken as a 
sign of good esprit de corps, and 
indeed morale is high throughout 
the units dealing with nucleonics. 


At Schenectady 

Alco has its main nuclear design 
force at Schenectady, N. Y. Here it 
also has a versatile critical facility 
(NU, Oct. 56, R11), now working 
on fuel and burnable-poison meas- 
urements for APPR-lb, the grand- 
son of APPR-1 (see box); a radio- 
chem lab working on decontamina- 
tion rinses (see p. 32); and a met- 
allurgy lab that developed Alco’s 
exclusive weld overlay process for 
stainless-clad carbon steel, and is 
now developing new methods of 
assembling fuel elements as well as 
an automatic tube-to-tube-sheet 
welding machine. There is also a 
computer lab, where a simulation 
of the “skid-mount” or SM-2 plant 
‘seiggycd has been wired on an ana- 
og computer (variables include 
core power, primary pressure, and 
core, boiler inlet, core inlet and 
steam temperatures). The second- 
ary is being simulated on another 
analog computer; and it’s — 
to tie the two together so that the 
entire plant, from exciter back to 
the core, would be simulated—for 
the first time in the U. S., Alco 
thinks 


Alco has under way four major 
reactor projects: — APPR-1 
and continuing research-develop- 
ment on it; completing construction, 
with Peter Kiewit Sons, of APPR-la 
in Alaska; development of APPR-1b 
for Nike-Zeus and design and con- 
struction of SM-1 for “a remote 
frigid location.” In addition, Alco 
has also been looking at the gas- 
cooled pebble-bed reactor. 

An advanced concepts group has 
recently been set up. It has not 
yet selected the reactor types it will 
concentrate on, but Alco likes the 
simplicity of the direct thermody- 
namic cycles and thus the group 
will look at ways of generating steam 
directly in the reactor, for larger 
units; and small gas-cooled reactors 
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—with a preference for open-cycle 
gas turbine systems—for small power 
plants. 

In addition to these development 
jobs on entire reactors, Alco has also 
been doing component development 
work and testing on rod drives, 
core-support structures, fuel-handl- 
ing tools and other reactor parts. 
NPED has the support of Alco’s 
company-wide research-development 
division. 

One of the tougher component 
development jobs Alco has been 
dealing with is a heat-exchanger for 
AEC under the latter’s sodium com- 
ponents development program (NU, 
Aug. 58, 25). Alco submitted a 
design to meet the required condi- 
tions: 1200° F, 100 psi on the 
sodium side, 1050° F, 2200 psi on 
the steam side, which one Alco 
engineer at least calls “the toughest 
spec ever to come out of AEC.” 
Another big job was design of three 
30-ft long, 62-ton intermediate heat 
exchangers for the Enrico Fermi 
Fast Breeder, now delivered and 
installed. 


At Dunkirk 

The firm’s main metalworking 
shops are at Dunkirk, N. Y., west of 
Bufalo on Lake Erie. Here, where 
the pressure vessel, heat exchanger 
and pressurizer for APPR-lb were 
being completed last month, Alco 
has recently gotten into component 
work for the Navy program. It 
already has a sho ‘floot full of core 
barrels and hold-down plates, pres- 
surizers, regular and emergency 
dump heat exchangers, for sub- 
marines, the cruiser, the carrier, the 
destroyer, and the land prot ” 

Dunkirk has a design le of its 
own. The Fermi heat exchangers, 
for example, were designed entirely 
by Dunkirk, subject to strict specs 
on pressure drop (pumping horse- 
power), enveloped dimensions, etc. 
On the AEC oan heat exchanger, 
on the other hand, the conceptual 
work and design were done at 
Schenectady, then Dunkirk was 
called in to advise on manufactur- 
ing, costing, and time estimates. 

Total nuclear force at Schenectady 
is now about 150, over 100 of 
whom are engineers and scientists. 
At Dunkirk there are another 125 
technical people. 

The company holds about $12%- 
million in nuclear contracts, includ- 
ing plant design and construction, 
research and development, and com- 
ponent fabrication. The annual re- 
port for 1958 also revealed that 
while shipments for the whole com- 
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KEY PERSONNEL 


at Alco, with critical 
facility in background. 
Clockwise from top left: 
John F. Noaks, facility 
supervisor; W. D. Leg- 
gett, Jr., engineering 
vice president; C. S. 
Seabring, research-de- 
velopment director; 
Kenneth Kasschau, nu- 
clear-power engineer- 
ing manager; John P. 
Tully, designer of pre- 
fabricated military re- 
actor; and R. Rodney 
James, project engineer 
for the reactor. 


any declined 14% to $138-million 

om the $160-million of 1957, earn- 
ings nevertheless rose from $2.9- to 
$4.2-million. 


Tooling Up for Atoms 

The transformation of a locomo- 
tive and heavy industrial parts fac- 
tory into a nuclear shop involves 
more than a physical transformation 
—it also involves mental approaches 
and attitudes. 

“40% of the work in our shop is 
nuclear; 75%—maybe 90%—of the 
headaches are nuclear,” says Tom 
Ward, Dunkirk plant general man- 
ager. 

The reason is quality control, the 
key to success in nuclear manufac- 
turing. “Quality control is now 
stricter than = tog | we have ever 
experienced before in our lifetime,” 
declares Bill Mason, chief of the 
quality control section at Dunkirk, 
who now reports directly to top 
management. Quality control per- 
sonnel include 1 in 20 of the men 
on a regular commercial job, but 1 
in 5, fully 20%, on a nuclear job 
(the number varies: for example, 
core parts take even more inspec- 
tion chan other nuclear parts). 


Whither Alco? 

There are a number of things in 
the nuclear field Alco would be in- 
terested in. There are the advanced 
concepts mentioned above. There 
is the shipboard use for packaged 
reactor plants—although “we elected 





not to work for the Navy” as a 
prime contractor, Alco tried hard for 
the Maritime Gas-Cooled Reactor 
project won by General Dynamics, 
and this use is shelved but not 
written off. The firm surveys the 
fuel element business once each 
year to see whether it should go in; 
the survey results have so far been 
negative each time. “The obvious 
incentive is that this is the one repe- 
titive business,” says Kasschau. 
“The obvious deterrent is the cost 
of production. The question we 
ask is: is this yet at a business level 
to warrant the capital investment 
required? The — is very small 
for the expense of the facility.” 

Finally, Alco hopes the cost of 
package power reactor plants will 
come down as the number built 
0nd up, so that such plants would 

me justifiable for private cus- 
tomers. This has been Alco’s ex- 
perience with the control-rod drives 
it makes. This is the direction in 
which its advanced work on boiling 
water and open-cycle gas turbine 
plants will be oriented. 

But—and this selectivity and con- 
centration goes far to explain the 
company’s success so far—“you 
don’t use the same design for a re- 
mote military base as for a small 
municipal or rural central station. 
We can’t afford to do both simul- 
taneously. There are many things 
one would like to do in parallel that 
one is forced for economic reasons 
to do in series.” 
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U. K. Morale Crisis: Harwell ‘Going Commercial’? 


LONDON 

Undue emphasis on routine com- 
mercial development work at the 
expense of more fundamental re- 
search, together with growing dis- 
satisfaction over promotion policies, 
are believed to fie behind serious 
unrest among scientists at the Har- 
well research establishment of the 
U. K. Atomic Energy Authority. 

Current perturbation in the Iso- 
tope division at Harwell is considered 
to be the first outward sign of the 
atmosphere of frustration and dis- 
content that has been developing at 
Harwell—particularly since Sir John 
Cockcroft left there. 

NUCLEONICS understands the pres- 
ent trouble first started when the 
decision was taken two years ago to 
begin winding up AEA research on 
cosmic rays. It was followed sev- 
eral months later by unidentified 
cuts in the metallurgy program, ac- 
cording to a reliable source. These 
are believed to have led to aban- 
donment of a major aspect of re- 
search on beryllium reduction. 


Questions in Commons 
More recent unrest in the Isotope 
division has been the subject of 


questions in the House of Commons, 
and led to the transfer of the acting 
head of this division, Brian East- 
wood, from Harwell to temporary 
work elsewhere. The trouble in 
this department is known to center 
on a new policy placing emphasis 
on the development of isotopes in 
immediate commercial demand. 
But the restriction on aspects of 
fundamental research—whether or 
not enforced by commercial factors 
—is the basic cause of the disquite 
felt by Harwell scientists. 

The fact that some scientists see 
this as a hardening trend in AEA 
policy is reflected in the growing 
number of applicants from the Au- 
thorities’ research establishments for 
research jobs outside AEA. Some 
feel that, bereft of old hands of the 
giant stature of Cockcroft, Hinton 
and Plowden, scientists are becom- 
ing too subservient to the adminis- 
tration, and the Authority is de- 
veloping into a stamping ground for 
political civil servants. 

It is considered in nuclear circles 
that the nature of the top-level ap- 
pointments now imminent in AEA 
will confirm future policy. No 
successor has yet been named for 





Sir Edwin Plowden, leaving the 
chairmanship of AEA on Dec. 81, 
nor for Sir William Penney, who 
will take over as member for re- 
search when Sir John Cockcroft 
leaves. 


Scientist Leaders Sought 


NUCLEONICS understands that there 
is the strongest feeling within the 
Authority that a scientist or en- 
gineer should be appointed for 
each of these positions, even if this 
involves importing experts from in- 
dustry. 

Appointments at less senior levels 
of experts from outside the Au- 
thority are said to be a contributory 
cause of frustration at Harwell and 
Aldermaston. In one or two recent 
high-level appointments, NUCLEONICS 
was told, worthy internal candidates 
for promotion were completely 
ignored. Also, the recent appoint- 
ment of the Permanent Secretary of 
the Ministry of Agriculture, Fish- 
eries and Food, Sir Alan Hitchman, 
as member of the AEA for external 
relations and commercial policy in 
— of William Strath, was be- 
ieved to have had a rather cold re- 
ception at some levels of the Au- 


thority. 





Cleveland Attendance Down But Program Finds Favor 


A sparsely-attended Nuclear Con- 
gress and extravaganza in Cleveland 
last month nevertheless found favor 
with most of those who went. 

Attendance was visibly down. 
The Nuclear Congress claimed 1,000 
registrants, the Atomfair an addi- 
tional 1,200, and the National In- 
dustrial Conference Board manage- 
ment meeting 450. On the basis of 
these official figures for registrants, 
attendance in the various NICB ses- 
sions was good, at the Congress 
pitifully small. 

For those interested in what's 
new in reactor types, the hi ot 
of the week was a paper by Wine 
Boyd of Montreal, Canada, who has 

mt two years designing an up-to- 

te nuclear power plant on the 
basis of the of Partagton Daniels 
concept (NU, March ‘56, 34) put 
aside in 1947 as being too advanced. 
This “Daniels-Boyd Reactor” would 
have a spherical pressure vessel 
much like the Bradwell, Hunterston 
and Hinkley Point reactors, but it 
would use uranium monocarbide 
fuel and helium coolant with a tem- 
ture rise of 450° F to 1,250° F, 

or a power output of 480 Mw(e) 
gross, 400 net from one reactor. 
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Steam conditions would be 1,050° F, 
2,400 Psig at the throttle. The 
ceramic elements would be posi- 
tioned horizontally to reduce stresses, 
but the coolant ee would be from 
bottom to top, through channels in 
the > moderator. It is said 
most of the components required 
would be off-the-shelf items. Cost 
estimates on the basis of bids by 
component suppliers are $100-million 
capital cost, or $250/kw installed. 
Detailed engineering estimates show 
the cost of each fuel slug would be 
about $21, with more than 100,000 
required. Fuel cost thus comes to 
2.1 mills/kwh, and total power cost 
6.5 mills. These estimates are 
based on Canadian accounting prac- 
tices, and Boyd believes the unit 
would be ideally suited for economic 
conditions in Ontario. 


At the Fair 

On the commercial side, opinion 
was divided between those who felt 
business is better than a year ago, 
and those who said it was about the 
same. But few in a NUCLEONICS 
spot survey said it was worse. Some 
comments: 

© An instrument company. “Our 


activity in the nuclear field is up 
15% over last year. We are making 
profits now and prospects of major 
growth in the profit picture are very 
good. We are hiring at a rate of 
10% increase/yr.” 

@ A reactor and fuel firm. “Our 
activity in the nuclear field has been 
steady this year in a competitive 
situation. Employment also steady.” 

©A West Coast reactor firm. 
“Volume is up about 10% over a 
year ago. True profits at this time 
are slight—we are expanding rapidly, 
spending money on capital equip- 
ment and gambling on what we 
think is a tremendous long-range 
market. We are hiring continu- 
ously but have a fairly stable em- 
a now and are beginning to 

very selective.” 

® Atomic Energy of Canada. 
“Our nuclear business is up about 
25% over last year and growth is 
steady.” 

© An instrument company. “Our 
nuclear business is bad because we 
find that the large companies are 
building their own components. As 
far as we are concerned, our nuclear 
prospects will continue downhill as 
more companies have their own in- 
plant production, where they can 
centralize responsibility and quality.” 
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Reactor News 


LAPRE-2 CRITICAL, EXCEEDS HOPES 
Los Alamos’ second exotic homogeneous reactor of the 
LAPRE (Los Alamos Power Reactor Experiment) 
series went critical Feb. 26 and began operational tests 
March 16. Since then, NucLEONICs learns, it has oper- 
ated at full temperature and pressure (800° F at 900 
si) for several runs totaling several hundred hours. 
Like LAPRE-1 which failed in 1957 and was disman- 
tled, the new 1-Mw(th) unit uses as fuel enriched ura- 
nyl phosphate solution. The fuel is so corrosive only 
gold can contain it; therefore the 4-ft high, 15-in. dia 
stainless steel pressure vessel is gold lined. Attractive- 
ness of the concept is that it produces high-pressure 
superheated steam in one simple operation—the heat 
exchanger is contained within the reactor sapiens 
vessel. Maximum thermal power obtained in the tests 
was 525 kw, producing steam at 600 psi, 740° F, or 
140° F higher than design estimates. The steam tem- 
perature was observed to increase as the power was 
raised. Test results show that the 90% phosphoric acid 
fuel solution is a much better heat-transfer medium at 
high temperatures than anticipated. 

The reactor performed very smoothly and reliably, 
although the power was controlled only by power- 
demand from the steam system. The natural convec- 
tion of the fuel served to link the core with the heat 
demand, without external controls. The movable shim 
around the vessel had no effect on power but served 
only to regulate operating temperature. The power 
obtained was limited by partial failure of one of the 
feedwater pumps and not by the reactor; if the pump 
can be repaired, a run at higher power will be attempted 
although essentially all desired performance information 
has already been obtained, Los Alamos reports. 

LAPRE-2 differs from LAPRE-1 in that it uses 
natural circulation of fuel whereas its predecessor was 
a forced-circulation model. LAPRE-1 failed when im- 
properly secured heat-exchanger tube bundles were 
moved across the surface of the vessel by the discharge 
pressure of the pump, and thus literally tore the god 
cladding off the stainless steel tubes, resulting in their 
rapid failure. However LAPRE-2 utilized improved 
methods of installing and inspecting gold lining and 
cladding. 


TURRET IN WORKS AT LASL 

Los Alamos Scientific Laboratory also revealed that it 
has begun work on another, previously unreported, re- 
actor concept: “TURRET,” a high-temperature gas- 
cooled reactor designed to produce process heat, using 
uranium-impregnated graphite in unclad rods, loading 
continuously. 


TEST-REACTOR DATA MEETING SET 

200 participants are expected by AEC at an unclassified 
technical information meeting to be held May 13-15 at 
Idaho Falls on construction and operation of test re- 
actors. Representatives of organizations engaged in or 
having an interest in AEC or industrial test 
reactor programs have been invited. 


FOOD STERILIZATION AT HALLAM? 

AEC has approved a design —_ in the plans for the 
reactor building at Hallam, Neb., that would allow 
possible construction of a food-irradiation center adjacent 
to Consumers Public Power District’s 75-Mw(e) sodium- 
graphite power reactor. The modifications made by 
Atomics International, builder of the reactor, include 
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installation of piping and valves from the primary- 
coolant system to a wall of the reactor building. The 
projected food-irradiation center that might be built 
there could treat, with radioactive primary-loop sodium, 
500-800 tons/day of a wide variety of foods. Using the 
reactor’s by-product radiation has been planned for 
CPPD and AI for a long time (NU, Jan. ’56, 14). 


BATTELLE, QUEHANNA RAISE REACTOR POWER 


Battelle Memorial Institute has doubled the power level 
of its pool research reactor to permit normal operation 
at 2-Mw. Replacement of a 900-gpm pump by a 1,500- 
gpm unit and addition of a new holdup tank were the 

rincipal modifications necessary.... And at Que- 

anna, Pa., Curtiss-Wright shut down its research re- 
actor, also a swimming-pool, to make changes that will 
allow raising power from 1 to 4 Mw. 


FUEL FABRICATION FACTS 


Nuclear Materials & Equipment Corp. (NUMEC) is 
working for AEC to develop a new type of uranium- 
bearing fuel material combining the advantages of ura- 
nium metal and uranium oxide without the disadvantages 
of either. NUMEC is also filling an order for 7%-en- 
riched UO: powder for Atomic Energy of Canada Ltd. 


TORY-2, RAMJET REACTOR, NEARS TEST 


Tory-2, the first experimental reactor in the Pluto nu- 
clear ramjet program, will be tested “in the near future” 
at AEC’s Nevada Test Site, Lawrence Radiation Labora- 
tory’s Robert E. Finnigan revealed in a talk late ‘in 
March. Tory-2’s fundamental objective is “to demon- 
strate that a high power-density, Sadbecaanevetiate, air- 
cooled reactor can be successfully built and operated.” 
This was believed the first revelation of the existence 
of Tory-2, heretofore classified. 


CORROSION ‘NOT GUILTY’ AT HRE-2 


Homogeneous Reactor Experiment-2 at Oak Ridge 
suffered a hole in its zircaloy reactor tank not from corro- 
sion, NUCLEONICS learned at Cleveland, but because 
uranium had deposited at that spot and burned through 
(NU, Feb. 59, 26). 


CANADA ORDERS TEST REACTOR 

Foster Wheeler of Canada has begun construction of a 
100-watt reactor—ZED-2—designed especially for test- 
ing fuel arrangements in large power reactors. ZED-2, 
to be completed early in ’60, is abuilding at the Chalk 
River installation of Atomic Energy of Canada, Ltd. It 
will be heavy-water-moderated and capable of handling 
normal loads of 10 tons/uranium. Core is an aluminum 
tank 10 ft dia by 11 ft deep, containing 35 tons D.O; 
graphite two ft thick will surround the tank to reflect 
neutrons. Estimated cost is $3-million. 


GE WINS FAST-BREEDER BIDDING 

AEC has begun ——— with General Electric on 
a $500,000, 18-month contract for research, development 
and design of a fast-breeder reactor using a plutonium 
oxide-uranium oxide fuel cycle. GE was selected from 
among eight bidders (NU, Jan. ’59, 25). Emphasis of 
GE’s work will be reduction of fuel-cycle costs. 


AMF SELLS TWO SMALL REACTORS 


The Universities of Washington and California (Los 
Angeles) have purchased “Educator” reactors from AMF 
Atomics (10 kw and higher with modifications). 


33 








R O Gam Uy Pf 


World News 


OEEC Panel Completes Liability Convention 


A proposed third-party liability convention for Western 
Europe—amended to include transportation—was pre- 
sented to the Organization for European Economic Co- 
operation last month by its panel of insurance rts. 
Except for the transportation additions, it is virtually the 
same as that drawn up last fall (NU, Nov. 59, 23), 
including a $15-million liability limit (on plant operator) 
for nuclear accidents. Individual governments can set 
higher or lower limits down to $5-million per accident. 
Transportation clauses offer three guiding principles: 
(1) in shipments of nuclear materials between OEEC 
countries the shipper remains liable until the shipment 
is accepted at destination; (2) in shipments from an 
OEEC country to a non-OEEC country, the shipper is 
liable until the shipment reaches destination country (for 
air or sea shipment, liability runs until shipment is un- 
loaded); and (8) for air or sea shipments from a non- 
OEEC country to an OEEC country, the receiver be- 
comes liable when shipment is loaded at departure point. 
The OEEC aim is to have the convention signed by 
representatives of member companies by June; ratifica- 
tion by at least five governments must follow before it 
can take effect. 





Spain to Choose 1 of 3 U. S. Reactors 


Westinghouse, Atomics International and GE remain in 
the running as potential builders of Spain’s first power 
reactor, Spain’s nuclear chief José Otero told NUCLE- 
ontcs in New York. Survivors of nine firms making pro- 
posals, the three have received preliminary designs con- 
tracts; reports are due May 15, after which Spain's 
Junta de Energia Nuclear will decide who gets the job. 
The Junta specs called for a 20-30-Mw(e) power reac- 
tor with test-reactor capability, as the Spanish seek a 
pilot plant with which they can both gain operating 
experience and design fuel elements for their first large 

wer reactor. Atomics International is proposing a 
eavy-water-moderated, organic-cooled unit, GE a 
straight boiling-water, Westinghouse a pressure-tube 
ressurized-water design. All three would have test 
loops built in. The pilot plant will be built at a control 
dam on the Alberche river 40 mi SW of Madrid, for 
completion in 1962; a 300-Mw/(e) first full-scale plant 
is planned to follow at a site on the Tagus river, also 
near Madrid. This will probably be built by the Cenusa 
utility syndicate with government financing and super- 
vision. Otero says conventional fuel costs in Spain are 
such that nuclear power will be economic there with the 


first large plant. 


Britain Plans Million-Kw Plant 


The Central Electricity Generating Board plans a 1,000- 
Mw(e) nuclear plant, by far the largest contemplated 
for construction so far. A 175-acre site has been chosen 
on the Severn river only 4% mi downstream from the 
Berkeley station now. under construction. Unique fea- 
ture of the site is a rock shelf off the shoreline to be used 
to create an artificial tidal reservoir from which con- 
denser cooling water can be drawn at low tide. 








EDF-1 Computerizing Burst-Slug Detection 
Two RW-300 digital control computers, said to be the 


first connected directly to reactor instruments, will moni- 
tor for burst slugs in France’s 60-Mw(e) EDF-1 now 
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building at Chinon. Of the two aes 
computers, one will be built by RW for Intertechnique, 
the French electronics firm that is price contractor for 
EDF-1’s burst-slug-detection system; the other will be 
built by Intertechnique itself. The computers will moni- 
tor the activity of the CO: coolant by scanning bi 
counters connected to detectors in the coolant channels. 
They will scan each of the 1,148 coolant channels every 
24 minutes (by groups of 4) in a coarse scanning cycle, 
— the calculated activity level of each against a 
ae etermined limit and print out the results. If the 
imit is exceeded, each of the four channels in the af- 
fected group is given a fine scanning, then warning and 
finally alarm signals are set off if activity remains high. 
The two computers will operate in parallel, both getting 
all input data and making all sledlitiona, but only one 
driving printout and alarm devices. If that one stops or 
makes an error, the standby computer takes over the 
output devices. 


GEC Gets Japanese Letter of Intent 


Britain’s General Electric Co. has come to terms with 
the Japanese and has received a letter of intent from the 
Japan Atomic Power Co. on construction of a 159-Mw(e) 
po wa a nuclear power station (NU, April 59, 24). 
Although a contract is not expected to be signed until 
July, GEC says the letter of intent will enable it to start 
detailed design work immediately. The total cost of the 
plant is $84-million; GEC’s contract price is now re- 
ported to have been set at $56-million, with the remain- 
ing to be —_ in Japan for electrical equipment, trans- 
formers and switchgear, and civil engineering. This will 
be the fifth reactor in Japan, with all five at Tokai. 





Orient’s First Power Reactor at Tokai 


So says the U. S.’s General Electric of the 12.5-Mw/(e) 
power-and-developmental reactor it sold—beating out 
Westinghouse—late in March (NU, April ’59, 24). If 
GE makes good its claim that the reactor will go critical 
“late” in 1961, it will beat out its British namesake’s 
larger unit by almost two years. The GE reactor will 
be direct-cycle boiling with natural- and forced-circula- 
tion cooling; the design will permit later addition of a 
dual-cycle system. 





Japan Starts Up First U-Plant 


Also at Tokai, Japan’s Atomic Fuel Corp. has begun op- 
erating its uranium processing plant to make reactor- 
grade UF. (using bak Ridge’s Excer process) and 
vacuum recast metal from U-ore concentrate. The plant 
was designed by Weinrich & Asso., Washington, D. C. 





IAEA Completes First Fuel Sale 


On March 24 in Vienna, the International Atomic En- 
ergy Agency ceremoniously signed two agreements: one, 
with Canada, whereby that country will supply 3,000- 
3,200 kg of natural U free to IAEA on condition the 
Agency resell it at a price that could be regarded as a 
world price (NU, Feb. 59, 28). A second, with Japan, 
gave for sale of 3 tons of natural U for use in Japan’s 

eavy-water research reactor JRR-3, at $35.50/kg. With 
this first purchase of nuclear fuel through international 
channels, IAEA said it “assumed its major function as a 
supplier of nuclear materials for ceful activities” 
under its health and safety standards and safeguards 
against military use. Japan will decide where the U is 
to be made up into fuel elements. The ~$105,000 paid 
IAEA will go into its “miscellaneous receipts.” 
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News in Brief 


NICB Finds Industry Failing to Exploit Isotopes 
“Although the return on investments is very high in 
many instances, only a small percentage of American in- 
dustrial companies is availing itself of the opportunity 
for cost savings and profit increases that radioisotopes 
offer.” This was a major finding of a National Indus- 
trial Conference Board survey of U. S. industry for the 
AEC Office of Isotope Development. NICB found 
tangible savings of $39,177,773 annually in the use of 
radioisotopes by 18 industries; 872 companies were 
canvassed and 599 supplied usable data. “The total 
economic value of radioisotopes in ind .” NICB said 
in partial reservation of the low savings figure, “cannot 
be accurately assessed. A product which is materially 
improved may not only return a higher profit to the 
maker but may contribute lower costs and higher value 
to those who use it or resell it. This study concerned it- 
self with only the first link in this chain.” The NICB 
report, submitted to AEC in January, will be followed 
by another this summer giving several score case his- 
tories of industrial isotope uses. AEC had this to say 
of the apparent discrepancy between the NICB savings 
figure and $500-million used by Commissioner Willard 
F. Libby and other AEC spokesmen in the past: 

“In 1956, AEC sampled 40 ind radioisotope 
users. In this sampling, primary consideration was 
given to economics and benefits such as material savings, 
labor savings, savings in facilities maintenance and 
downtime, increase in sales as a result of new or im- 
proved research methods. Many industrial groups had 
savings well documented; others noted that benefits 
were admittedly large but to which they found it 
difficult to assign a dollar value. In these latter in- 
stances, the Commission accepted the best company 
estimate. As a result of this sampling, an extrapolation 
to the total number of licenses and each major type of 
use indicated that the savings lay in a range between 
$295- and $485-million per year. A probable value of 
over one-third of a billion dollars is a conservative esti- 
mate of the total impact of radioisotopes on industry in 
1956.” 


Other Radiation Developments 

Arthur D. Little, Inc., reporting on a world-wide survey 
of radiation applications for AEC, said at the Nuclear 
Congress in Cleveland last month that ionizing radiation 
has not become a processing tool of major importance 
to industry as yet because it has not demonstrated suffi- 
cient advantage over alternate methods. Widespread 
industry use of large radiation sources, Little concluded, 
would have to await the lowering of radiation costs and 
the increasing of yields. ... The three educational 
institutions of North Carolina’s “research triangle” (Univ. 
of North Carolina, Duke Univ. and North Carolina State 
College) have established an isotope-development labo- 
ratory at the Research Triangle Institute; director is 
Ralph L. Ely, Jr., former official of Nuclear Science and 
Engineering Corp. The lab has been given a $160,000 
contract under AEC’s Isotope Development Program. 


Spevack Case Vacated by U. S. Supreme Court 


Jerome S. Spevack, inventor of a process for production 
of heavy water (NU, Jan. ’59, 26), was expected by 
May 25 to take patent on process improvements whi 

have been tied up in litigation for two years. The 
Spevack case has been vacated (dissolving lower-court 
decisions) by the U. S. Supreme Court without discussion 
of the merits. Spevack told NucLEonics that the Court 
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gave him meets he asked for after federal attorneys 
had notified the Court that they were not advocating 
pe J broad right of dissemination by AEC on patentable 
information; rather, they contended, Spevack, in this 
case, had furnished information while under contract to 
AEC and thereby lost his rights to it. The high court’s 
vacating action dissolved a lower-court holding that 
AEC could declare public any information developed 
under any relationship with AEC. 


Lockheed Seeks to Enter Naval Reactor Program 
Controlling interest in a Seattle a firm— 
Puget Sound Bridge & Dredging Co.—was p by 
Lockheed Aircraft Corp. last month for the avowed pur- 
pose of making Lockheed eligible for federal contracts to 
build nuclear submarines. “With our planned invest- 
ment in new additional facilities,” said Lockheed Chair- 
man Robert E. Gross, “we believe we may become 
eligible for a part in building atomic submarines, which 
apparently are destined to become the capital ships of 
the future.” 


HPS Considering Certification of Health Physicists 


A committee of the Health Physics Society has drafted 
proposed certification standards for the nation’s health 
physicists. The standards have been presented to the 
HPS board of directors, according to a committee mem- 
ber, and a certification program is expected to be 
activated at the HPS annual meeting June 18-20 at 
Gatlinburg, Tenn. 


Hanford Reorganizes; New Production Group Set Up 
A special group to handle Hanford’s new plutonium-pro- 
duction reactor (NPR) has been established in the wake 
of reorganization and centralization of several operations 
at Hanford. J. S. McMahon will head the NPR Project 
Operation group, reporting to A. B. Greninger, general 
manager of the Irradiation Processing dept.; the reactor, 
authorized for a construction start this year, has been 
approved by AEC for production of both plutonium and 
electricity. Other changes at Hanford include: (1) a 
construction engineering and utilities group has been 
established under O. C. Schroeder; (2) a contracting 
and accounting group has been formed under D. M. 
Johnson; and (2) a relations operation group, under 
Robert C. Schier, will handle employee and communit 
relations. Four other Hanford groups are unchanged: 
fuels preparation, irradiation processing, chemical proc- 
essing and Hanford laboratories. 


2 New Facilities at ORNL 

Oak Ridge National Laboratory has selected architect- 
engineers for two new facilities: Vitro Corp. for a $3.5- 
million new Power Reactor Fuels Reprocessing Pilot 
Plant, and Giffels & Vallet, Inc., of Detroit, for the $6.5- 
million Metals and Ceramics building next to the Central 
Research Lab, where metallurgical work, long spread 
out in a dozen different temporary quarters, will be 
consolidated. The former, to be tied in with three 
existing, already-interconnected chemical pilot plants 
(the Thorex and Fission-Products Pilot Plants and the 
Metal Recovery Plant), will be able to handle fuel clad 
with stainless steel, zirconium and other corrosion-re- 
sistant materials; it will enable ORNL to reprocess spent 
fuel from most of the power reactors now operating or 
being built. Construction on both will start later this 
year. 
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GAO Hits Shippingport; 
Simpson Cites Uncertainty 


U.S. Nuclear Projects in Progress 

Re: sypceegee aai a including sales abroad. 
haste, ill-coordination and faulty {millions of doliers) 
management during the construction 
of Shippingport. In an audit for 
the Joint Committee on Atomic 
Energy, he called on AEC in the 
future to: 

© Avoid joint ownership with in- 
dustry in facilities it helps to finance 


(Duquesne Light contributed $5- Federal 
million worth of its own equipment). funds oe 
© Contract directly in projects “of > 
this nature” with construction firms  * ae) 
: rivate 


or firms experienced in administer- 
ing major construction projects funds. 
(Westinghouse was prime Shipping- ee 


port contractor). 

© Conduct “timely and effectively 
executed internal audits” of its con- 
pti particularly where — 

ial cost- rojects are involved. 

Snake, ¢ tamer ABC com. NUCLEONICS Statistics of the Month 
missioner, mentioned Vice Admiral Latest Month 
H. G. gyro Shippingport = month ago 
seer, 0 in passing—notin e 
“wide euegiltia’ saat’ hin for Nuclear Contracts *— 
directing Shippingport’s construc- Contracts awarded for federal projects ($10*) 1,241 8,835 
tion. Campbell estimated the over- Proposed construction, privately-owned ($10*) 1,000 0 
all increase in the plant’s cost at Contracts awarded, private work ($10%) 0 0 
$28.5-million—from $90.7-million in Backlog of private projects ($10*) 260 260 
May °54 to $119.3-million in Dec. 
’57, or an increase of 62%. Isotope Use T— 


j : Applications for isotope use 902 655 564 
Simpson Replies Cumulative total of isotope users 5,028 4,847 

_John W. Simpson, Westinghouse ORNL shipments (curies) 13,443 3,904 na. 
pect» resident who has immediate Public and private export shipments 128 107 449 
supervision for Shippingport under 
Rickover, stressed ie uncertainties Employment t— 
ats ee weltedtia* Simpson re- << Supteyment ; F = SS 
joined, “were made before the de- Construction and design contractors’ employment 10,093 10,167 9,973 


sign was [complete]. We didn’t Total operating contractors’ employment 104,629 103,908 100,559 
know about uranium-oxide costs. Production workers 52,130 51,839 50,516 
We didn’t know whether there Research and development employees 46,987 46,282 43,980 
would be three loops or four. The Miscellaneous workers 5,512 5,789 6,063 
turbine estimate was for 60 Mw; we 
put in a 100 Mw turbine. We U. S.-built Reactors $— 
added much that was not contem- Operating Building Contracted 
plated. We added the experimental Power, domestic 6 
waste disposal facility. We added Dower, tor expert 4 
the ability to remove single elements 
through the head. Mate 4 16 

“Installation costs did undergo a ee ; 
major increase—but there was never Research and test, domestic 51 
a really distinct cost estimate on that. Research and test, for export 10 
ra bene a intentionally not Total 87 
inclu in the origi installation P . 
cost estimate, so is not fair to Foreign-built Reactors +— 
make this comparison. Power, domestic 25 

“They say one reason the costs Power, for export 1 
rose was because it was a develop- Research and test, domestic 14 
mental plant. We agree. They Research and test, for export 6 
say another reason costs rose is be- Total % 
cause it had to be done in a hurry. 
We agree.” * From Construction Daily, » McGraw-Hill periodical ¢ From AEC ¢ nvczzonics figures 
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Power experiments and pilot plants 1 
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Photograph of Actual Size Numbers 
on Cathode Ray Tube. 





Transistorized RCLiac 128 
with Direct Number Display 


The number of counts in each memory channel and the 
channel number are displayed'on the cathode ray tube — 
32 channels at a time. Photographing these numbers 
and/or their spectrum provides immediate compact rec- 
ords and eliminates the necessity of space-consuming 
electro-mechanical printers. Rugged, Compact (21” x 19” 
x 24"), and portable (130 Ibs.), the RCLiac 128 Channel 
Scaler-Analyzer is ideal for laboratories where bench 
space is at a premium. 


Vacuum Tube RCL 256 
with Punched Paper Tape 


RCL's punched paper tape is compatible with most com- 
puters and ADP systems. In addition to the fixed and con- 
trol symbols you require, eight characters are needed to 
identify each of the analyzer's 256 channels and the num- 
ber of counts contained therein. The analyzer has a punch 
rate of 60 decimal characters per second. Punched paper 
tape is only one of the many outstanding features now 
available with the RCL 256 Channel Pulse Height Analyzer, 
Model 20611. 


Only you can decide which type analyzer — transistorized or vacuum tube — best suits 
your needs. However, RCL — since it manufactures both types — can provide you with all 
the facts necessary to make your decision. Get the ‘Complete Analyzer Story'’ from RCL. 


For complete information 
on both transistorized and 


vacuum tube analyzers, 


write RCL, Dept. 159. 
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Skokie, Illinois, U 


RADIATION COUNTER LABORATORIES Inc. 


ORchard 3-8700 
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HIGH VOLTAGE. 
ENGINEERING 


CORPORATION in 


"| OUR NEW 
FACILITY 


Amersfoort, 
The Netherlands 


will be European headquarters, in 

1959, for sales, service, and manufacture 
of Van de Graaff® and electron linear 

accelerators for 


Nuclear-physics research 
Electron-beam processing 
Supervoltage x-ray therapy 
Industrial radiography. 


Established to serve the European Common Market and 
the Euratom Nations, this new facility will enable our European 
distributors to offer local service and consultation. 


HIGH VOLTAGE ENGINEERING 


————— CORPORATION ———————_ 


BURLINGTON, MASSACHUSETTS, U.S.A. 
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Represented by: 


Leybold-Hochvakuum-Anlagen GMBH 
Bonner Strasse 504 
Koln/Bayental, Germany 
for: Germany 

Austria 

Spain 

Switzerland 

Yugoslavia 
Saphymo 
9, Place des Etats-Unis 
Paris 16°, France 


for: France 
North Africa 


Alfa Beta Gamma, S.r.l, 
Via por Santa Maria 8 
Florence, Italy 

for: Italy 


IR A RB i. RI es Ea 


Equipamentos de Laboratorio Lda. 
Apartado 458 

Lisbon, Portugal 

for: Portugal 


LKB-Produkter 
Fabriksaktiebolag 
Post Office Box 12220 
Stockholm 12, Sweden 
for: Sweden 
Denmark (Medical only) 
Finland 
Norway (Medical only) 


and our affiliate: 5 
High Voltage Servicing Co. Ltd, 
60 Carpenters Wood Drive 
Chorley Wood 

Rickmansworth, Herts, England 
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..- What This Important News Means to You/ 


“Up to now, I’ve only dreamed of being able to use 
pure tungsten . . . now it’s a reality.” This is a typical 
reaction to the news of Fansteel’s breakthrough in 
the fabrication of tungsten. 


It opens endless possibilities for using tungsten in 
any number of products—whether it’s a spectacular 
missile, or a down-to-earth consumer item. Now... 
tungsten—with its melting point of 6152° F., highest 
of all metals, with its terrific strength at high tem- 
peratures, with its outstanding density of .697 Ibs./ 
cu. in.—can be exploited to the fullest. 


m= HIGH TEMPERATURE ~; 
Tis METALS __-” 


-- ne 


FANSTEEL METALLURGICAL CORPORATION, worth CHICAGO, ILLINOIS, U.S.A 





Because Fansteel can now fabricate pure tungsten 
into almost any conceivable shape by spinning, deep 
drawing, hot extrusion or forging, the design engi- 
neer can count on tungsten... 


—for greater reliability and longer life 

—for even greater miniaturization 

—for highest strength at extreme operating 
temperatures 


Want to explore the possibilities of adapting tungsten 
to your product? Fansteel engineers will be glad to 
work with you. Just send print, part sample or call 
in your Fansteel representative. 


Only your imagination will determine what lies 
ahead in the uses of tungsten. 


K593 
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expandable for growing needs: 


a full range of Burroughs electronic computers 


for science and business 


From advanced computer systems to individual computer components...the Burroughs line of electronic 
data processing equipment spans a full range of varied requirements for both scientific and business appli- 
cations. @ Start at the top if your needs call for giant computer ability: The Burroughs 220, first and 
only available medium-priced computer with expandable magnetic core storage ...a powerful multi-purpose 
system which can grow with your computational requirements. The 220 is now at work and delivering 
effective results at the lowest application cost. e If present application demands are more moderate, inves- 
tigate the versatile Burroughs 205. First in its field with external magnetic tape storage ...complete choice 
of input/output media with flexible, modular expansion, top capacity and speed. The 205 has thoroughly 
proven its economic value in a wide variety of scientific and business applications. e Most popular of all 
low-cost computers is the Burroughs E101. Exclusive, simple pinboard programming frees engineering man 
hours, by reducing manual computation time up to 95%. Machine ability is further extended by optional 
punched paper tape input/output equipment and new punched card input unit. e Burroughs advanced 
sub-systems include: Datafile magnetic tape unit with vast external storage capacity ...up to 50-million 
digits per unit; Cardatron...fastest, most powerful card handling system; 220 High Speed Printer System 
..a transistorized unit with unmatched speeds up to 1500 lines per minute, on-line or off-line operation. 
High Speed Photoreaders, Magnetic Tape Units and other computer system components are also finding wide 
use in data processing, communications and allied fields. e Currently in production, all these Burroughs 
products are designed to meet your growing data processing needs...and supporting the entire Burroughs 
line is an outstanding team of computer specialists for efficient, on-the-spot, technical assistance. Write 


today for brochure, specifying system or component. e ElectroData Division, Pasadena, California. 





Burr oughs Corporation “NEW DIMENSIONS/in electronics and data processing systems” 
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Now available at your request 


NEW GENERAL 
CATALOG R 


e Scalers 





e Gamma-Ray 
Spectrometers 


Ratemeters 


Portables 








Complete 
Counting 
Systems 





Alpha, Beta, 
Gamma, Neutron 
Detectors 


Sources and 
Standards 





e Nuclear 
Accessories 


oA 
a 
<«? 


Our new 76 page Catalog R, just published, describes more than 125 products available 
from Nuclear-Chicago for detecting, counting, and recording radioactivity. Instrumentation 
systems for industrial and biochemical research, clinical medicine and nuclear education are 
included. Thirty-five new instruments and groups of instruments have been added to make 
‘the most integrated quality line of nucleonic equipment ever offered by a single manufac- 
turer. We'll gladly send you a copy of Catalog R, without obligation, at your request. 








Fine Sustuments- Retearch Quality. Radiochemivat nuclear - chicago 


co fr 2B OF a TI own 
® 235 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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Filters for extreme conditions 


mIiGH HEAT plus CORROSION 


Processing Uranium Hexafluoride 
by gaseous diffusion. 


Operating at a temperature so high (over 1200°F) that 
the filter and its housing are red hot, this specially designed 
and constructed Purolator frameless metal edge filter 
reclaims fines from the highly corrosive gas. 

The extreme heat and the corrosive gas are necessary 
for the process . . . Purolator’s problem was to come up 
with the filter which could do the job required under these 
conditions. The filter, constructed of monel, combines a 
porous metal facing on a frameless metal edge element. 
It has been in constant operation since its installation. 


Difficult jobs like this are made to order for Purolator. 
Designing and producing filtration equipment to meet 
exacting demands requires the combination of engineering 
skill and manufacturing know-how only Purolator offers. 

Two brochures outline what 
Purolator can do for you on your 
toughest filtration requirements. 
They’re both yours for the asking. 
Write to Jules Kovacs, Vice Presi- 
dent in charge of Technical Sales. 
If you have an urgent filtration 
problem now, send Mr. Kovacs the 
details of it. 


Pome 
es Toren ore ae 


Filtration For Every Known Fluid PUR O LATO a 


PRODUCTS, INC. 


RAHWAY, NEW JERSEY AND TORONTO, ONTARIO, CANADA 
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SETTING THE PACE 





Entering an entirely new 
field of science involves 
many firsts... but 
Walelti-stilelalelo)b Amelal-weiielalen 
out: THE FUNDAMENTAL 
DECISION ...in this case — 
to convert enriched UFs to 
MiaelalitinMmal-ticlinelalemaelie 
pounds for use in nuclear 
a-tela tela wm ateliliaia delet mulolel= 
isl hame f-TaktiolaitelaleMelai-te mela) 
it before any sizable 
commercial market was 
evident. As a result, 
Mallinckrodt was FIRST 





... to develop processes meeting requirements for safety 


and criticality. 


... to receive a license from the A. E. C. to convert 


uranium hexafluoride. 


++. fo receive a permit from the Bureau of Explosives 


covering the design of shipping containers acceptable to 
the Bureau and the I. C. C. 


... to manufacture and ship uranium metal and compounds 


both domestically and in export. 


... to develop processes for materials with special physical 


characteristics such as UO2 Shot (spherical) and 
UO2 Special Dense (for swaging). 


-»- AND NOW—Mallinckrodt has erected the most modern 


and automated facility for producing ceramic 
shapes of UO2. 
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NUCLEAR FUEL PROGRESS 


Mallinckrodt has been a pioneer on the frontiers of nuclear science since 
1942. At that early date in the atomic age, Mallinckrodt had built and 
operated the first full-scale plant for producing highly purified uranium dioxide. 
This compound—of a purity previously unknown—was used in making 
uranium metal for the first self-sustaining chain reaction at Stagg Field in 
Chicago. Since that time, Mallinckrodt has continuously produced high-purity 
uranium compounds and metal. 


In 1956, Mallinckrodt became the first private firm to produce enriched 
uranium compounds for commercial uses. Since then, Mallinckrodt has 
processed more than 200,000 pounds... and has supplied fuel in research 
or production quantities for every private power reactor project in this country. 


Research on new uranium compounds and on improvement of those presently 
in use is continuing. Progress in nuclear fuel development is the goal of our 
entire organization. 


If you have a nuclear fuels project, Mallinckrodt's experienced engineers are 
available for consultation. 
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versatile unit in 
Foxboro’s exclusive 100% solid-state 
electronic system 


) e local indication — 


independent of power supply 


-e magnetic amplification 


" for greatest reliability 


An electronic transmitter, with local 
indication, for long-distance trans- 
mission of a wide variety of process 
measurements — that's the Foxboro 
Type 630 Consotrol Transmitter. 
The Type 630 operates with stand- 
ard Foxboro measuring elements. Its 
magnetic amplifier delivers a high 
level (10-50 ma) d-c signal — un- 
affected by a-c pick-up and ambient 
temperature variations. Indicator, 
and optional local alarms, work 


directly from mechanical primary 
element. Standard instrument is 
weatherproof — optionally available 
for use in hazardous area. 

Write Foxboro today for Bulletin 
21-10. It describes the Type 630 Indi- 
cating Transmitter in detail, as well 
as the many other instruments in the 
100% solid-state Foxboro Electronic 
Consotrol System. 

The Foxboro Company, 625 Nepon- 
set Ave., Foxboro, Massachusetts. 

*Reg. U.S. Pat. Off. 


FOXBORO 


REG. U.S. PAT. OFF. 


ELECTRONIC CONSOTROL INSTRUMENTATION 
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Motion-Type Electronic 
Consotrol Transmitters: 


FLOW AND LIQUID LEVEL 
differential pressure diaphragm-bel- 
lows elements . . . ranges between 
20 and 200 inches of water 


PRESSURE 

diaphragm, bellows, and bourdon- 
type elements . . . ranges between 
10 inches of water and 80,000 psi 
TEMPERATURE 

liquid filled, vapor pressure, and gas 
filled thermal systems . . . ranges 
between —450F and +1000F 


for every function 
in the control loop 
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ESCO's 24-million volt betatron being 
readied for inspection of o nuclear 
pump housing. Betatron con inspect 
a six-inch steel wall section in 60 
seconds, a 16-inch wall in 1/2 hours, 





design problems can be simplified with 
ESCO’S nuclear casting know-how 


Solving tough casting problems has always been ESCO’s specialty. 
And that’s why ESCO has been furnishing nuclear castings right from 
the start of the atomic energy program. Nuclear casting specifications 
and inspection requirements are thoroughly understood at ESCO. 


ESCO has the facilities, as well as the technical know-how, for critical, 
exacting, casting jobs. Centrifugal, shell or static casting methods 
produce castings weighing several tons, or less than a pound, in more 
than 90 steel alloys. Testing facilities include X-ray, gamma ray, 
spectrograph, zyglo, dye penetrant, magnetic particle and betatron 
inspection, as well as complete chemical and mechanical laboratories. 


Make an appointment with an ESCO metallurgical engineer today. 
He may be able to simplify and help solve your designing problems. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2165 N.W. 25TH AVE. « PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
FSCO INTERNATIONAL, NEW YORK, N. Y. 

IN CANADA ESCO LIMITED 
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RADIATION SHIELDING IS OUR SPECIALTY . 


Manufactured and Installed to suit the specific requirements of: 
= ATOMIC ENERGY = WNUGLEAR INDUSTRIES = HOT LABORATORIES 
= INDUSTRIAL X-RAY ROOMS = BIOLOGICAL LABORATORIES : 


Stainless steel equipment of intricate design, . 
fabricated to precise tolerances. Years of 
experience in the A. E. C. field enables us to 
meet your most rigid requirements . . . 


| and 


[CC se we a) 
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One of a group of lead filled ‘Transportation Casks”’ built for E. |. du Pont de Nemours & Com- 
pany, Savannah River plant, Aiken, South Carolina. These casks, which are used for the shipping 
of radioactive materials, are fabricated from stainless clad steel with a 834” thickness of lead 

ly bonded to the interior carbon steel surfaces for heat transfer and radiation 
shielding. The hundreds of stainless steel ‘‘fins’’ on the exterior surfaces permit the dissipation 


e.-ETR recently built by O. G. of heat. 
Kelley & Company for the A. E. 
C. Installation, Scoville, Idaho 








STAINLESS STEEL 
LABORATORY EQUIPMENT 


The stainless steel equipment portrayed is but a small portion 
of that being manufactured complete with removable openings, 
rounded corners, and all units highly polished to a mirror 
finish inside and out. 


O. G. Kelley & Company has long had the skill and facilities 
for the toughest, most specialized fabricating problems and are 
noted for the precision fabrication of stainless steel equipment 
of the most intricate and 
exacting design. Our en- 
gineers are at your dis- 
posal for consultation 
without obligation. 








GLOVE BOX 


: RADIATION SHIELDING 


LEAD CONTAINERS made to your specifi- 

cations for the shipping and storage of radio- 
active materials — Lead Bricks of special 
design or standard type. 


; 


OTHER PRODUCTS AND SERVICES AVAILABLE TO THE NUCLEAR FIELD 


Radiation Consulting and Engineering Services ° Fabricating and Refabricating Nuclear Fuel Equipment ° Nuclear Handling Fuel 
Element Equipment ° Reactor Consulting and Engineering Services * Experimental Nuclear Reactors °* Research Nuclear Reactors 
Materials Testing Nuclear Reactors ° Nonferrous Metal Fabricators e Exhaust Hoods °* Autoclaves °* Lead and Lead Alloys 
Radiation Shielding ° Gas Scrubbers ° Pressure Vessels ° X-Ray Screens °* Shielded Containers * Power Nuclear Reactors 
Ferrous Metal Fabricators ° Radiation Processing Equipment ° Shield-Metal-Clad Plywood ° Test Loops ° Nuclear Hot Cells 
Radioisotope Safes ° Shielding Windows °* Radiation Shielding Brick °* Radiation Absorbers °* Nuclear Fuel Elements °* lon 
Exchange Equipment 























Only the RW-300 Digital Control Computer 
is providing fully automatic control 


of complete industrial processes. 


The RW-300 Digital Control Computer is the most power- 
ful tool available today to control entire industrial proc- 
esses and to provide useful data from manufacturing and 
testing operations. Connected directly to measuring 
instruments and control devices, the RW-300 collects and 
interprets operating data, makes control calculations and 
decisions, and operates valves, starts and stops motors, 
and takes all the other control actions necessary for fully 
automatic operation. 

By exercising fast, effective control, the RW-300 
reduces operating costs, improves product quality, and 
increases production. It also computes and prints out 
large quantities of useful data simultaneously with its 
performance of the control function. 

Some of the world’s largest companies have purchased 
the RW-300 Digital ‘Control Computer for uses ranging 


AN 


from the completely automatic control of an oil refinery 
unit in Texas to the monitoring of a nuclear reactor in 
France. Additional RW-300 installations are under way 
in such fields as chemical manufacturing, cement making, 
air traffic control, equipment testing, and data reduction. 


The RW-300 is one example of the diversified products 
built by TRW that are contributing to the productivity 
and efficiency of modern industry. The Thompson-Ramo- 
Wooldridge Products Company, a division of Thompson 
Ramo Wooldridge Inc., performs systems engineering and 
marketing for the RW-300, which was designed and is 
manufactured by the Ramo-Wooldridge Division. 


For further information, call or write: Director of Marketing, The 
Thompson-Ramo-Wooldridge Products Company, P. O. Box 90067 
Airport Station, Los Angeles 45, California, OSborne 5-4601. 


Thompson Ramo Wooldridge Inc. 


Main offices * CLEVELAND 17, OHIO * LOS ANGELES 45, CALIFORNIA 
May, 1959 - NUCLEONICS 
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High-yield processing of reactor metals is a Bridgeport specialty. Precise 
specification tubes, rods and special shapes have met the exacting needs of 
core fabricators serving nuclear installations here and over seas. Working 
with Bridgeport, you can count on this experience in the processing of your 
core, cladding and construction alloys. 


ZIRCONIUM and Zircaloy I!...for example, are available in long-length 
tubing of 0.3 to 3.0 inch diameter. Reactor-quality zirconium has been 
processed by Bridgeport for many types of cladding applications. 


URANIUM and Uranium Alloys...are produced by Bridgeport in rods and 
tubes down to %” diameter. Of particular importance to reactor designers 
is Bridgeport’s work in developing fine-grain, randonf-orientation uranium 
of high dimensional stability. 


HAFNIUM and Silver-base Alloys...are extruded by Bridgeport in many 
control-rod design shapes. 


FUTURE DEVELOPMENTS...are in the making today at Bridgeport. Our 
experience goes well beyond that involved in commonly used core materials. 
New extrusion techniques in metals and nonmetals — and coextrusion of 
fuel-cladding combinations — give promise of new efficiencies in reactor 
construction and performance. 


YOUR PROBLEMS ARE OUR BUSINESS... if they involve mill shapes of reactor 
metals. We will be very pleased to discuss these problems with you. Write 
us or call us. 


BRIDGEPORT BRASS COMPANY 


BRASS 


Bridgep) rt Bridgeport 2, Connecticut + Sales Offices in Principal Cities 
\/ Specialists in Metals from Aluminum to Zirconium 
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Longer Core Life from 


“RCP” URANIUM 
...@ typical Bridgeport Project 


The causes of core-element distortion have 
been a subject of Bridgeport investigation. 
This work is leading to the development of 
metalworking techniques that result in 
“RCP” (Random Crystal Process) Ura- 
nium possessing high stability to heat and 
radiation. 


The X-ray reflection curves below show 
how a typical Bridgeport “RCP” Ura- 
nium closely approaches the random-ori- 
entation optimum of a powder metallurgy 
sample. 


Uranium, Powder Standar 


Bridgeport “RCP” Uranium 


vs | 


Highly Oriented Uranium 
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Heat 

Wear 


Custom Welded 
Hard-Faced 
Components 
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As recognized specialists in the application 
of super alloy overlays to critical areas 

of stainless steel and ferrous metal parts, 
Cleveland Hard Facing, Inc., has the 
experience and the manufacturing facilities 
to produce components that meet the most 
exacting specification. Hard-faced parts 
produced for the nuclear industry offer: 
.. high compressive strength up to 256,000 psi 
and good flat impact and high hot strength. 
... excellent resistance to many corrosive 
acids, alkalies or oxidizing materials. 
inherent resistance to wear, 

erosion, abrasion and cavitation. 

Send in your blue print for our quotation 
or recommendations on your application. 


Send for complete details 
on how this unique proc- 
ess can add greater serv- 


ice life to your equipment. 


CLEVELAND HARD FACING, Inc. 


3047 STILLSON AVENUE 
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GENERAL ELECTRIC 
ATOMIC 


ACCELERATION 


GENERAL ELECTRIC 
TECHNICAL DEVELOPMENT 
PROGRAM FOR 


Competitive 
Nuclear Power 
by 1965 


The goal of the Technical Development Program 
is to develop the technology to design competitive 
nuclear plants by 1965. Each successive reactor 
design in the program, shown in chart at the right, 
incorporates the best features of previous designs— 
plus innovations resulting from research and de- 
velopment work in specific areas of technology. 

Four progressive phases lead to nuclear-electric 
power that will be considered conventional: 


FIRST GENERATION PHASE— These plants, already 
operating or being constructed, form the solid tech- 
nological base for concentrated development of the 
boiling water reactor. 


DEVELOPMENTAL PHASE— The construction of four 
of the developmental reactors (those shown in the 
left-hand column of the Developmental Phase) is 
required to provide the technological advances 
necessary over the first-generation plants. Operat- 
ing date is 1961-62. 

The design progress of these first four develop- 
mental reactors will determine if any of the alter- 
nate reactors (right-hand column) is required. The 
operating date of these alternate reactors would be 
1963-64; capital cost range—$275-325/kw; fuel 
cost range—2.7-3.3 mills/kwh. 


EVOLUTIONARY PHASE— Competitive in high-fuel- 
cost areas in the United States, these plants will 
utilize technological advances made in the Devel- 
opmental Phase. They cover ratings from 50 mw 
to 300 mw and will be operating in 1965-67; with 
capital cost range—$225-275 /kw; fuel cost range— 
2.3-2.7 mills/kwh. 


TARGET PHASE — These plants, covering ratings up 
to 450 mw, will be competitive with 25% of the 
1970 conventional additions. The operating date is 
1969-71; capital cost range—$175-225/kw; fuel 
cost range—1.8-2.2 mills/kwh. 


Progress /s Our Most Important Product 
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FIRST GENERATION PHASE 





EBWR-1953-57 


. Predictability of Stability 

. Transient Response Analysis 
. Ease of Start-up and Control 
. Radiation Levels in System 
. Safety Characteristics 


. Natural Circulation . . Superheat 
Performance 
. Free Surface Steam . Dual Cycle 
Separation Demonstration 
. Oxide Fuel Development 


. Long Burnup Physics 


DRESDEN 
1960 


. Oxide Fuel Statistics 

. Nuclear Stability 

. System Component Tests 

. Long Burnup Physics 

. Power Distribution 

. Plant Operating and Availability Data 








NOTE 


The major technologies gained from each develop- 
mental project are listed under each diagram. The 
connecting lines between diagrams show the pri- 
mary chains of technological development. Each 
successive reactor will contribute technology to 
every plant yet to be built, resulting in a blending 
of technologies. 

The chart shows the maximum number of develop- 
mental projects and generating plants which may 
be required for the complete program. 

Reactors in the Developmental Phase should be 
classified as experiments; whether they actually 
generate power will be determined by the cus- 
tomer, as the developmental program relates to 
the reactor only. It is important to note that com- 
petitive power is reached at the completion of the 
Developmental Phase. 





Demonstration 


Water Chemistry 
. Radioactive Transport 14. Corrosion Rates 
15. Dry Cask Refueling 












DEVELOPMENTAL PHASE 





TARGET '65—NUCLEAR POWER BECOME 


NATURAL CIRCULATION 
BOILER—2 


jg 


1, Natural Circulation with 
High Quality Steam 
2. Upper Limit of Free Surface 

Steam Separation 
3. Low Pressure Drop Core 


COMPACT—2 


COMPACT—1 


Es 


a 


1. Internal Mechanical Steam Separation 
2. Internal Recirculating Pump 
3. Side Entry Control 





. Increased Power Density 

. Pool Containment 

Long Life Fuel 

. High Performance Steam Separators 
. Scale-up of Control System, Pump 
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HIGH POWER DENSITY—1 HIGH POWER DENSITY—2 





Close Coupled Pump 

. Nuclear Stability Limits 

Close Packed Lattice 

High Power Density Core 

. Advanced Control System 

High Pressure Saturated Turbine 
Straight Through Fuel Design 


NEVE = 


INTERNAL SUPERHEATER—2 


- 


SEPARATE SUPERHEATER—2 ine 





1. h Temperature Materials 

2. pon eran Carryover 1. improved High Temperature Fuel ‘T 
3. Shutdown 2. Optimization of Superheat Conditions the 
4. Transient Load Matching Between Boiler & Superheater 3. Scale-bp of Design Features om 
5. Mechanical 4. Scale-up of Control Systems a 
6. Optimized Lattice Design cle 





EVOLUTIONARY PHASE 


TARGET PHASE 





ECOMES COMPETITIVE 


. Single Vessel Output Limit 

. Limits of Hydraulic & Nuclear Stability 
Fixed Control System 

Low Pressure Drop Steam Separator 
Pool Containment 

. Simplified Core Design 


AV awnm 


COMPACT—3 





. High Pressu turateth Turbine 
. Operation With Higher Quality Steam 
. Scale-up of Interna] Pump 


* 
Controlled Power Distribution 


More at * omen 


Qon— 


Pp 





HIGH POWER DENSITY—3 





— 


. Programmed Power 
Distribution in Core 

. Two-loop Close Coupling 

. Low Pressure Containment 

. Axial Fuel Rearrangement 

. Uniform Matrix Core 


VUrkboan 


*The present state of development indicates that 
these two plants might logically be combined into 
one plant with the best features of both. Progress 
in the Developmental Phase will indicate more 
clearly if this can be done. 

























HIGH POWER DENSITY—4 





























**These are the most likely results of the program. 
Ideally, the best features of each of these would 
be combined into one type of plant af this stage. 
Progress in the evolutionary stage will indicate the 
best combination. 
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5 Technological 
Objectives of the 
General Electric 


Technical Development 


Program 


Geewsi Electric has carried out extensive 
analyses to determine a clear course to eco- 
nomical atomic-electric power plants. This 
effort involved design studies of various 
promising reactor systems; analyses of other 
reactor programs; analyses of development 
still required for advancing various designs; 
and evaluation of the performance and eco- 
nomics of each system. 


These analyses of all promising reactor 
systems indicate that the boiling water 
reactor has the best potential for attaining 
competitive nuclear power first and at least 
cost. The boiling water reactor warrants 
concentrated development in depth because 
it now has a solid technological base, has 
the most promising cost potential, and has 
a clearly predictable path of development. 


SPECIFIC, REALISTIC 
TECHNOLOGICAL OBJECTIVES 
With this solid base, General Electric is 
now ready to work on the specific techno- 
logical objectives that will lead to eco- 
nomical atomic-electric power operation: 


Increased power density—to double the 
power output from the present 30 kw per 
liter of reactor core volume to 60 kw per 
liter. 


2. Simplified and compact plant design— 
to simplify the steam supply system, make 


plant layout more compact, reduce con- 
tainment costs, and increase plant reli- 
ability. 


3. Improvement in steam conditions—to 
increase thermal efficiency from the present 
28% to over 32% with saturated steam, or 
35% to 37% with nuclear superheating. 


4. Increased plant size—to raise the present 
practical size from 200 mw for a saturated- 
steam plant to over 450 mw for a nuclear 
superheated-steam plant. 


5. Improved fuel performance—to double 
specific power from 10 to 20 kw per kilo- 
gram; to develop reliable fuel performance 
for exposure up to 15,000 megawatt-days 
per ton; to decrease present-day fuel fabri- 
cation cost by 50%; to increase allowable 
operating temperatures up to 1000°F steam 
outlet temperatures; and to improve neu- 
tron economy. 


Attainment of these objectives will make 
economical nuclear power possible. No 
scientific breakthroughs are required to 
realize the desired economical results. The 
effort needed is evolutionary, not revolu- 
tionary—it is an orderly marshalling of 
existing resources and experience, pro- 
gressing to economical power with manage- 
able technical and financial risk. 
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GENERAL ELECTRIC 
ATOMI 
ACCELERATION 


How General Electric 
can help utilities with 


their nuclear power 
acceleration programs 


To maintain international prestige and security, 
the United States must lead the world in making 
available widespread use of economical nuclear- 
electric power. Our government has foreseen 
the international importance of nuclear power 
acceleration, and the compelling forces lead to 
one conclusion: atomic acceleration in the United 
States is a fact. 


To help achieve the acceleration goal, General 
Electric’s Technical Development Program was 
designed as an industry plan that complements 
the government’s acceleration objectives. It 
is based on the convictions of solid experience 

resulting in a clearly defined technical plan 
for concentrated development in depth of the 
boiling water reactor. 


To achieve economical nuclear power at least 
cost as soon as possible, the reactor that is now 
best established must be used. The boiling water 
reactor meets the conditions because: 


The BWR has a solid technological base gained 
through experimental data, design and construc- 
tion experience from six first-generation plants, 
and a number now in the design and construction 
stages. 


The BWR has the lowest capital cost of any proven 
reactor, primarily due to the extreme simplicity 
of the system. 


The BWR has a predictable path of development 
with realistic technological objectives—shown in 
the Technical Development Program. 


General Electric will continue to actively 
investigate various reactor types while imple- 
menting this major effort in developing the 
boiling water reactor. 


The key to the program is the Developmental 
Phase. Immediate action is needed for the follow- 
ing developmental projects to help industry meet 
its goal of economical nuclear-electric power: 


| NCB-2_ NATURAL-CIRCULATION BOILER 
REACTOR—This reactor will stress ex- 
treme simplification of the system with lowered 


costs. It has been committed and is being de- 
signed for the Pacific Gas & Electric Company. 


Pes | COMPACT REACTOR—This reactor is 
required to develop optimum design 
and construction simplicity for forced-circula- 
tion plants. 


| HPD-1 HIGH POWER DENSITY REACTOR— 
This reactor is required to test the 
limits of power density and provide full-scale ff 


proving of high-power-density fuel. 
SEPARATE SUPERHEATER OR INTERN- 
AL SUPERHEATER—This plant will be 
used to evaluate operating and main- 
tenance characteristics, as well as 
determine the feasibility of nuclear superheat. 
General Electric will be happy to provide de- 
tails on this program and meet with you and 
your technical people to discuss any aspect— 
contact your nearest General Electric Apparatus 
Sales Office or write to the Atomic Power 
Equipment Department, General Electric Com- 
pany, 2151 South First Street, San Jose, Cali- 
ornia. 


——————— — _——$$ — 


For a more detailed discussion of the Tech- 
nical Development Program, write for 
GED-3750, How to Implement Nuclear 
Power Acceleration, General Electric Com- 
pany, 1 River Road, Schenectady, N. Y. 
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LANDSVERK MODEL L-75@°™¢;ISOTOPE ANALYSIS UNIT 
os 


One measurement is worth one hundred expert opinions 


The Isotope Analysis Unit is a sensitive, accurate 
ionization chamber instrument for measurement of 
alpha, beta or gamma radiation. It features simple, 
reliable operation and low maintenance cost. Widely 
accepted by A.E.C. laboratories, it 
is also used extensively in the 
A.E.C. teacher training program. 


Model L-75K is the kit form which 
includes sample trays, planchets, 


filters, light source, special holders. 


‘The Landsverk Electrometer Company 


641 SONORA AVENUE, GLENDALE 1, CALIFORNIA 
FIRST NAME IN DOSIMETERS FOR MORE THAN A DECADE 
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In this young, swiftly advancing 
field, Avery and Saul has already 
recorded enviable experience in 
welding, machining and assembling of 
Nuclear Components. The company has 
built a talented team of technical 
personnel, plus a depth of superb 
facilities ... strict prerequisites in 
dependable, knowledgeable manufacture 


of complex nuclear fabrications. 


We invite your inquiries. 


© Large Machining Facilities whe as 10° x 10’ x 40° ‘ 
Sieher COMPANY 


115 RINDGE AVENUE EXT., TEL. UNiversity 4-9070, CAMBRIDGE, MASS. 
60 May, 1959 - NUCLEONICS 
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PROVIDING UNPRECEDENTED 











62.3 


TESTED & APPROVED 
10,000 vous OC 
DATE 


SERVICE FOR 
SAFETY TODAY. 
PLANNING 
SAFETY FOR 
TOMORROFW! 






NEO. SOL 









PROTECTION 


IN 
CRITICAL OPERATIONS 


Proud records of safe, trouble-free performance, and new, high 
standards of dependable protection have been made by CHARCO’S 
Dry Box Gloves, in major A. E.C. installations and in critical 
operations of nuclear, bacteriological and industrial research fields 
...in this country and foreign countries! 


CHARCOS 
DRY BOX GLOVES 


FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE! 
Offered Now In 
PREMIUM QUALITY ALL-MILLED NEOPRENE 


«= “NEO-SOL”s 


And 
SEAMLESS, LEAD-LOADED, MILLED NEOPRENE 


>‘RAD-BAR"=» 


“RAD-BAR”, seamless, lead-loaded Neoprene gloves are manu- 
factured by an exclusive CHARCO formulation and are of a 
density of 3.95 grams per cubic centimeter. Under actual tests, 
Charco’s ““RAD-BAR’ Dry Box Gloves have been proven to 
shield out soft gamma rays more than 80%. 


CHARCO Dry Box Gloves are NOT made by the Latex Coagulation 
Process. They are manufactured of MILLED NEOPRENE by the 
Multiple-Dip Cement Method, using MOLECULAR solvent solutions 
of Neoprene, to meet demands and rigid specifications required in 
nuclear and bacteriological work. This method yields non-porous 
films of intimate molecular structure, with greater homogeneity 
and impermeability. These gloves are oil, chemical and ozone 
resistant, and withstand repeated steam sterilization. 


Both “NEO-SOL” and “‘RAD-BAR” gloves are offered 
in a complete range of styles and thicknesses. The lead- 
loaded “RAD-BAR™ glove is offered not only in standard 
32-inch Dry Box lengths but in standard short glove 
lengths. 


EACH: DRY..BOX GLOVE4S 
How Veuraemresteo™ 


Each CHARCO Dry Box Glove must pass a severe high voltage electrical 
test, after visual and all other inspections are completed. This electrical 
test positively insures freedom from hazardous defects, which ve escape 
detection by other methods of testing and inspection. CHARCO’S thorough 
testing processes insure that all Dry Box Gloves provide effective contain- 
ment and absolute protective integrity against contamination. 


WRITE FOR ILLUSTRATED FOLDER ON DRY BOX GLOVES 


We maintain our own completely equipped and staffed research and testing laboratory. 


We welcome the opportunity to help solve your problems. 













CHARCO 


RAD SAR 


TESTED & arPeOvED 
1.000 vous oC 
pare 










CHARCO ALSO 
MANUFACTURES 
TOP QUALITY 
INDUSTRIAL 
PROTECTIVE 
GLOVES IN BOTH 
OUR “NEO-SOL” 
NEOPRENE AND 
“HY-SOL” BUNA N 
FORMULATIONS. 


CHARLESTON RUBBER COMPANY 


7 STARK INDUSTRIAL PARK 
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You can take your choice of over 200 heat 
transfer equipment manufacturers when you are 
buying heat exchangers. Specialists in the 

Of course, they don’t all know heat exchange engineering and construction 
theory intimately, but it is comparatively easy for a 


of heat exchange equipment 
metalworking shop to put together a simple exchanger. 


air, gas and liquid heat exchangers, 


To improve your odds on getting the right 
P 5 6 s 6 coolers and heaters—finned and bare 


equipment, why not let us be one of the next PI 

; - ’ tube, evaporators, steam generators, 
manufacturers you talk to. We have spent 90 years in the condensers, tank heaters, air-cooled 
heat exchange business—years that have built our fin-fan exchangers, sea water distilling 
reputation as being one of the most engineering-wise plants, helically and longitudinally finned 
companies in the field. We can understand what you tubing, and many other products. 
need and we can design and construct equipment 
for you that is exactly right. 








A 


, GENERAL 
Griscom-ffussel/ PRECISION | THE GRISCOM-RUSSELL COMPANY 


MASSILLON, OHIO 
COMPANY A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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KOLLMORGEN Instruments and Systems 
for underwater viewing 























Photo courtesy Phillips Petroleum Company 


At the National Reactor Testing Station, a Phillips Petroleum Company 
technician inspects radioactive materials through a Kollmorgen 
Underwater Periscope. The instrument is mounted on the edge of 
the working canal which abuts the Engineering Test Reactor. 


Most major atomic installations use Kollmorgen Remote Viewing 
Equipment. At the Shippingport Reactor, a Kollmorgen Periscope 
similar to the one shown (right) is used for inspecting fuel elements. 
The instrument is equipped for photography of radioactive material. 


for internal inspection 


Zeiss-Kollmorgen Borescopes are versatile devices for the internal in- 
spection of tubing, long bores, engines, aircraft structures, etc. They are 
self-illuminating. Diameters from .100”, lengths to 45 feet or longer. 


< POLL aa 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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Kollmorgen designs and manufactures 
optical, mechanical and electronic instru- 
ments and systems for remote viewing, in- 
spection, testing and photography. The 
machine tool, chemical process, atomic 
energy, missile, oil and pipe line, electronic 
and motion picture industries exemplify the 
variety of fields which Kollmorgen serves. 

If you face a remote viewing problem it 
may be that a standard Kollmorgen instru- 
ment can help solve it. If not, our engi- 
neering department can design a special 
instrument to meet your needs. A pro- 
curement sketch with brief description of 
the problem is sufficient to start. 

A new twenty-four page illustrated bro- 
chure describes our facilities and products. 
You may have a copy by writing Dept. 114 


w/ 
Y 
Wy, 
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SEX 


FE. © Another reactor control 
aul “systems engineered” by L&N 


Here’s another example of L&N’s “complete systems” approach to reactor operation—the controls for 
the Sao Paulo Institute de Energia Atomica Research Reactor. Designed for this “swimming pool” 
reactor, which was built by the Babcock & Wilcox Company, the instrumentation is made up of standard 
L&N precision components. 

L&N Speedomax® G recorders measure important temperatures and monitor area radioactivity. 
Speedomax H recorders chart the nuclear functions at all power levels. Electromax® controllers regu- 
late conductivity and activate safety signals for alarm purposes. A P.A.T. servo-amplifier positions 
the control rod to regulate reactor power levels, while an 18-range micro-microammeter indicates 
flux levels from start-up to scram. Physically, these instruments and their equipment constitute 
the integrated control for the Sao Paulo reactor. But such a system could not be truly effective without 
the important L&N intangibles—engineering consultation, design service, and overall coordinated plan- 
ning—so vital to thoroughly sound reactor control. 


For our new booklet “Nu- 
clear Power Reactor Control 
Systems,” write Leeds and 
Northrup Co., 4936 Stenton 
Ave., Philadelphia 44, Pa. 
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TOMORROW'S METALS 
ARE BEING WORKED AT 
WOLVERINE TUBE TODAY 


yal geotolalit isa 


tol b alot -talelaal 


Niobium & WOLVE RINE men -s — 
t CALUMET & HECLA, INC. 
Us 


Nickel Alloys 





Vanadium 17260 Southfield Road 
Allen Park, Michigan 


Titanium 
Manufacturers of Quality-Controfied Tubing and Extruded Aluminum Shapes 
Tantalum 


Other Special Metals 
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Surface condensers 


Power reactor 


ALLIS-CHALMERS 


Nuclear 
Power 


EQUIPMENT, 


RESEARCH, SERVICE 


Allis-Chalmers supplies all of the equipment needed in a nuclear power plant. This wide range of 
specialized power equipment is backed by more than 16 years of nuclear power engineering... 
over 75 years of service to the power industry. 

This overall background in the power field is an important element in Allis-Chalmers present 
work on the 66,000-kw nuclear power plant for the Northern States Power Company (in cooper- 
ation with ten other Midwest electric companies). And dedication to power progress underlies 
the development of advanced concepts including the nuclear superheater for this plant. These 
major advances in nuclear power plant design are important steps toward economical nuclear power. 


Allis-Chalmers, Atomic Energy Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 


Electrical control Nuclear pumps Electric motors Motor control center 




















New Allis-Chalmers Greendale laboratories include facilities 
for research and development in nuclear power. 


Check this listing of specialized equipment 
for your requirements, Detailed information 
is available upon request. 


1. Power reactors 10. Transformers 


(boiling water) 
2. Test reactors 
3. Steam turbine generators 


11. Switchgear 
12. Circuit breakers 


13. Hermetically 


4. Surface condenser 
5. Air ejectors 
6, Reactor feedwater pumps 


7. Auxiliary cooling 
water pumps 


8. Motor control centers 


9. Remote control centers 


sealed pumps 


14. Air drying and working 
fluid recovery system 


15. Voltage regulating 
equipment 


16. Water treatment system 


17. Unipolar generators 


( 


ALLIS-CHALMERS Atomic Energy Division 
Milwaukee 1, Wisconsin 


~ 
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Gentlemen: 
Please send information on above items, numbered: 


Transformers 





AUTOCLAVE ENGINEERS Designs 
and Builds High Pressure-High Tem- 
perature Equipment Such As— 
Valves, Fittings, Pumps, Compres- 
sors, Reactors, Stirred Autoclaves 
Complete Package Systems (Includ- 
Tate i sxe ]a1-) Mm solo] gol no) aml Glo) alice) Molaro! 
Tartiatinitciaicehivela) mesitie ame. cee 
Corrosion Testing Vessels 
Diffusion Bonding 
Isostatic Pressing 


Shock Tube Systems 





See Us At 
The 
TULSA OIL SHOW 
May 14-23 
California Bldg 
BOOTH No. 4 





... all but the necessary 
High Pressure Research Tools 


and there’s where Autoclave Engineers, Inc. comes 


into the picture to help you reach your objective. 


For more than a decade, we have been designers and 
producers of high pressure equipment . . . valves, re- 
actors, stirred autoclaves, pumps, pressure vessels and 


related equipment. 


While your project is in the planning stage, it 
will pay you to consult with us on the engineering 
design and most economical manufacturing procedures 
for the high pressure research equipment you need. 
We can help you! 


AUTOCLAVE @ 
ENGINEERS. INC 


2935 WEST 22nd STREET, ERIE, PENNSYLVANIA 
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; development from piss et shan 
the fine! reactor embodiment, _ 


ission for display in the United ates 
ernational Trade Fair, May 5 to 22. UTRs have been 
d for installation by several American universities. 


the only training reactor type being marketed today which 


"permits student experiments in reactor heat balances and 
mperature coefficient of reactivity. 


$a complete selection of UTRs for research and 
7 Maximum power capabilities from 10 watts to 
100 kilowatts. By the unique Building-Block concept, a 
low-power core may be purchased initially and later increased 
‘ in power, simply through the addition of more shielding 
id hea -removal equipment, 


Technology Laboratories is now developing 
19 Novel and promising reactor types under sponsorship of 
the United States Atomic Energy Commission: 


e -VMR, @ boiling light-water reactor using variable moderator 
~ control instead of costly, intricate control rods 


@ An advanced power breeder using boiling mercury 
_ asthe coolant 


369 WHISMAN ROAD YORKSHIRE 8-446) 
as 


a divisiono noi Amertcan-Standard 


AMERICAN RADIATOR & STANDARD SANITARY CORPORATION 
i 





A LARGE CAPACITY ‘ 
VACION PUMP ON THE LEFT. gg 
A 5 LITER/ SECOND 


MODEL IN HAND, Bs 


CLEAN VACUUMS 
BEYOND 10°? MM Hg 


The new Varian Vacilon* Pump 


uses an entirely unigue design 

to achieve ultra high vacuums 

easily and at low operating cost. 

With no hot filaments, no moving parts, 

no fluids and no refrigerants 

the Vaclon Pumps 

are totally free from contamination sources 
or any possibility of catastrophic interruption. 
Pumping speeds from 7 liter per second 

to 1000s of liters per second 

can be furnished. 

Hundreds are already in use. 

May we send you our /iterature 

fully explaining these advantages? 


Bie wmey Sages” ==. GIR oes ai 


aa 


KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 
NMR & EPR SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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Type 304 stainless plate, dimensions: 6%"" 
thick x 75" diameter. Weight, 8655 Ibs, 


... at the clean edges of this stainless plate 


accurately cut by Carlson 


- stainless plate illustrates something that’s almost 
a Carlson exclusive. Few producers can make plates 
of such heavy gauge, and fewer still have the long 
experience in flame cutting stainless to precise dimen- 
sions. To develop the proper equipment, the exact gas 
and iron powder formula, and the special nozzles, took 
Carlson engineers years of effort. But the result was 
worth it. 


The edges achieved by these improvements reduce the 
cost of subsequent machining operations. And every 
Carlson stainless plate—whether heavy or light gauge— 
carries its own identification. Its chemical and physical 
properties are known and recorded. Its dependable 
performance on the job is assured. 


The complete reliability of every Carlson service will 
materially reduce your ultimate costs. Our specialists 
make certain that your instructions are followed in 
every detail. Write, wire or phone for further informa- 
tion on all our services in stainless steel. 


GO,GERUSOW Zc. 


Stainku Steel Excbuively 


138 Marshalton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES « PLATE PRODUCTS « HEADS « RINGS » CIRCLES *« FLANGES *« FORGINGS + BARS AND SHEETS (No. 1 Finish) 





Thermal Plant 
Simulator 





You quickly get the feel of nuclear power plant 
response with the new Honeywell Thermal 
Plant Simulator. When used with the Reactor 
Simulator, it realistically simulates operation of 
a reactor with a non-boiling coolant and a 
thermal plant with heat exchanger and steam 
loop. 











The Thermal Plant Simulator provides valuable 
training in thermal loop dynamics. . . simply, 
safely, economically. To set up a typical atomic 
power plant program, just plug in prewired 
connectors that mate appropriate computing 
networks and instruments. For non-standard 
programs, an integral general-purpose patch- 
board permits complete flexibility. THERMAL PLANT SIMULATOR has plug-in con- 


. nectors for typical power plant programs . 
The Thermal Plant Simulator gets reactor flux patchboord pone! for non-standard programs. 


information directly from the Reactor Simu- 
lator, simulates operation of a thermal plant, 
and feeds back control data to the Reactor 
Simulator. Together, they permit complete and 
detailed studies of neutron and thermal dy- 
namics. Thus they provide realistic training 
that can be duplicated only through operation 
of an actual nuclear power plant. 














Your nearby Honeywell field engineer can give 
you full details. Call him today . . . he’s as near 
as your phone. 





MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


Honeywell 
Pout ba, Couttol | nuclear power plant training. 
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NUCLEAR REACTOR SIMULATOR teams up 
with Thermal Plant Simulator to provide realistic 








Experience 





help to shape your atomic future 


It takes more than a pioneering spirit to build 
atomic vessels. CB&l’s pioneer vessel, an atom 
smasher for the University of Minnesota, was 16 
years old when we completed the “Big Sphere” 
— 225 feet in diameter — for Knoll’s Atomic 
Laboratory. Since then, 9 additional steel re- 
actor housings have been completed, or are 
under construction, by CB&I. 


These years of research, together with engi- 
neering, fabrication and erection for the atomic 
industry, have brought new experiences... 
even to a company with seven decades of crafts- 
manship in steel. 


CB&l’s experience can be of great value to 
firms which rely on precision-engineering struc- 
tures. It will pay you to learn more about CB&l’s 
coordinated services. Write our nearest office 
for the brochure: Craftsmanship in Steel. 


THE DRESDEN SPHERE a new sound-color film traces fabrica- 
tion and erection of a 190-foot sphere. Showings will be 
arranged upon written request. 








Chicago Bridge & Iron Compan 
Atlanta « Birmingham « Boston « Chicago « Cleveland « Detroit « Houston * Kansas City (Mo.) 
New Orleans * New York Philadelphia Pittsburgh « Salt Lake City 
San Francisco * Seattle * South Pasadena « Tulsa 
Plants in Birmingham « Chicago « Salt Lake City * Greenville, Pa. « New Castle, Delaware 
SUBSIDIARIES: 

Horton Steel Works Limited, Toronto; Chicago Bridge & Iron Company Ltd., Caracas; 
Chicago Bridge Limited, London; Chicago Bridge Construcoes Ltda., Rio de Janeiro 
REPRESENTATIVES AND LICENSEES: 

Australia, Cuba, England, France, Germany, Italy, Japan, Netherlands, Scotland 
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WEST MILTON, N. Y. 
DRESDEN, ILL. 
INDIAN PT., N. Y. 


LAGOONA BEACH, MICH. 
FT. GREELY, ALASKA 


CAMBRIDGE, MASS. (M.I.T.) 
LIVERMORE, CALIF. 
ROWE, MASS. 


DAYTON, OHIO 
ELK RIVER, MINN. 
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FASTEST DELIVERY 
ANYWHERE IN THE WORLD! 


©) | Oxon 
OVERSEAS 
SOURCE 


for America’s Finest 


NUCLEONIC & 
= Bogs fe), ile 


Components 


and Equipment 


/) Exclusive Export Sales Agents and Export Distributors 


TERMINAL RADIO INTERNATIONAL LTD. 


TRiL—the important export suppliers of Nucleonic 
and Electronic Components and Equipment. 


TUBES: 


e@ Photomultiplier e Electrometer e GM e Diodes 
e Fission e Voltage Regulators e Transistors 


SCINTILLATION PHOSPHORS Including: 


e Thallium Activated Sodium lodide e Thallium Activated Potassium lodide 
e Europium Activated Lithium lodide © Anthracene 
e Thallium Activated Cesium lodide e@ Pure Sodium lodide 


REACTOR INSTRUMENTATION and RADIATION MONITORING: 


e Area Monitors e High Voltage Power Supplies e Pulse Height Analyzers 
e Air Particle Monitors e Radiation Dose Control e Linear Amplifiers 
@ lon Chambers, Equipment e Preamplifiers 
Laboratory Monitors Radiation Detectors e Scalers 
* 
+. 


© Geiger and Scintillation © Personnel and Area Neutron Detectors 
Survey Meters Dosimeters Pulse Generators 





Electronic Analog Computing Equipment. 
Your request for Price quotations on your requirements will receive our prompt attention. 


TRIL 


bBCtom Ol] +1-0 6 ae) (1-0 (-0 a ele ae) Oe Oe Oe: 
Cable Address: TRILRUSH, NY, NY (USA) 
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— Ready-to-go Facilities, 
Experience, People for 
Your Nuclear Program 








3,000,000 square feet of 
facilities, 17,000 manufacturing 
and inspection tools to handle 

a wide range of Nuclear Projects 





Whether your nuclear project requires components as 
large as core structurals or parts as small as control-rod 
drive mechanism gears, the Tapco Group is equipped Reactor core barrels and similar reactor parts can 


to do the job... to highest precision, and on schedule. turned, bored, and faced on this 144- diameter Be 
Vertical Boring Mill. 


No shop is better equipped with modern machine 
tools to produce fuel element hardware, control-rod drive 
mechanisms, core structurals, special pumps, valves 
and blowers, and electronic control systems. Extensive 
test and quality control facilities make sure we 
have met your specifications before delivery. 


Complete: research facilities at TAPCO can investigate 
new metals and new uses of the conventional metals 
for reactor applications. Special test facilities at 
Roanoke, Virginia, are equipped for unusual and 
hazardous-condition testing and research. 


Eleven-foot clearance 
above table gives this 
Lucas Horizontal Boring 
Mill at TAPco ample 
capacity to accommo- 
date most any large 
reactor core structural 
component. 








Reactor components up to six feet in diameter 





22 feet long may be heat treated in this Lindb: 
Gantry Controlled Atmosphere Furnace now in 
process of installation at TAPCO. 








» 








Thompson Ramo Wooldridge Int 


CLEVELAND 17, OHIO 


TRW 


DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYSTE 
AND COMPONENTS FOR THE AIRCRAFT, MISSILE, ORDNANG 
ELECTRONIC, AND NUCLEAR INDUSTRIES 








‘ Sample basket segments manufactured by the Tapco Group for 
1 © the Westinghouse Testing Reactor. 
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TAPCO is available for high-precision special production runs 
on machining nuclear parts, as well as for the accurate inspec- 
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Positioning heavy stainless steel ring for submerged arc welding 
operation on a Herrick 10 x 12-foot automatic welder. One of 
Many precision welding machines at the Tapco plant. 


ey, 


One of Tapco’s skilled machinists checking precision milling 


operations on a reactor bottom core plate. 


Experience in the engineering 


and production of components 
for the Nuclear Industry 


This experience has been acquired through 
participation in a wide variety of nuclear projects for 
many prominent customers in the atomic field. 






To meet the requirements of all such nuclear work, 
the Tapco Group has successfully applied its vast 
experience to the development of unusual fabricating 
techniques, the use of metals and alloys in extreme 
environments, and the design of precision electronic and 


pneumatic control devices. 






CAPABILITIES 


Core Structural Components 


e Core Barrels and Flanges 


e Grid Plates and Bottom 
Support Plates 


e Module Boxes 


e Ports, Housings, Nozzles 
and Shrouds 


e Fuel Casks and Refueling 
Devices 

Reactor Control System 

e Flux Scanning Devices 


e Temperature and Pressure 
Measuring Devices 


e Control Consoles 
e Custom Amplifiers and 
Rack Assemblies 


e Control Rod Position 
Indicators 


Control Rod Drive 
Mechanisms 


Special-Purpose Blowers, 
Compressors and Turbines 


e Helium 

e Nitrogen 

e Freon 

e Carbon Dioxide 

e Air 

Special-Purpose Pumps, 
Valves, Seals and Fittings 
e Sodium and Potassium 
e Bismuth-uranium 

e Heavy Water 

e Organic Fluids 
Reactor Test Loops 


Unconventional Heat Sources 
and Auxiliary Power Units 





In the development of reactor systems and the engineering of components, the 
TaPco analog computer, with 240 circuits and 80 channels, is readily available. 


People who know 
how to design, produce, test 
nuclear components 


Engineering capabilities of the TAPCO GROUP can augment 
your own basic research and design functions. Our scientists 
and engineers can help you achieve practical designs more 
quickly, with less investment by you in additional manpower 
and facilities, and in accordance with the best and 

most economical manufacturing procedures. 


The men who operate the machines at TAPCo have many 
years of experience in the production of the highest-quality 
parts and assemblies. They know fully the usual materials 
and methods. They also can apply unusual methods and use 
exotic materials ... niobium, tantalum, titanium, 
zirconium, molybdenum, and others. 


The ingenuity and ability of our test crews assure you 
of thorough, exhaustive, confident testing, and accreditation 
of all parts and assemblies produced by the Tapco Group. 
Let us tell you in greater detail how the Tapco Group can 
start now to engineer, refine, produce, and test many of your 
nuclear components or systems... dependably, on schedule. 


TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 


CLEVELAND 17, OHIO 


DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYSTEMS 
AND COMPONENTS FOR THE AIRCRAFT, MISSILE, ORDNANCE, 
ELECTRONIC, AND NUCLEAR INDUSTRIES 








Preparing to production-test a reactor contr 
rele Mo lal 7-Mul-taslolil umm Mel hicla(oh7-ol mF ee 
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Before acceptance at TAPCO, raw forgings 0 


reactor parts are inspected ultrasonically wil’ 
automatic or manual scanners. 
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“ontro 
TAPCO 


TYPICAL ANALYSIS IN PPM 


= Enriched Metal Enriched Oxide 
ts Boron 0.2 0.5 
Carbon 100 Negligible 
Copper 50 20 
Iron 25 100 
me | Nickel 100 55 
mm Nitrogen 75 Negligible 


Chromium 5 50 
Silica 50 100 


Total cross-section of impurities less than 
equivalents of 5 ppm of boron. 
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Purity Up... Prices DOWN 
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DEPLETED 
UFe 


In less than two years, Davison cuts costs more than 50% 
...helps speed economic nuclear power for private industry 


TYPICAL CURRENT PRICES 


Depleted Uranium Metal $ 4.85 per lb. 
Depleted Oxide 3.30 per Ib. 
1.6% Enriched Uranium Metal 5.60 per lb. 
1.6% Enriched Uranium Oxide 6.75 per Ib. 
25% Enriched Metal 65.00 per Ib. 
Highly Enriched Oxide 100.00 per lb. 


For uranium metals and oxides, contact Davison. 
For a complete line of thorium products, contact 
Davison. For cold enriched scrap recovery service, 
contact Davison. 


w.r.GRACE 2 so 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 








Indian Point nuclear power plant as it will look when com- 
pleted for the Consolidated Edison Company of New York, Inc. 





we 


Machining 5Y2-ton Type 304 stainless steel body casting for one of the Indian Point valves. Completed valve will weigh approximately 12 tons. Crane maintains 
complete facilities for making nuclear valves—including the most advanced scientific methods for rigorous inspection, and testing on hot and cold loops. 


8 Giant Crane Valves for Indian Point Atomic Plant 


Crane is selected again! Our big Chicago 
works, with facilities for making valves from 
the smallest to the largest, is taking in stride 
an order for eight 24-inch stainless steel gate 
valves —the largest of their kind ever built. 


These valves are for installation on the four 
main coolant loops serving the pressurized 
water reactor at Consolidated Edison Com- 
pany’s Indian Point nuclear power plant in 
Westchester County, New York. 


Crane offers you the experience, engineer- 
ing and metallurgical knowledge, manufac- 
turing skill and plant facilities that have 
produced valves for such important atomic 
power projects as the Navy’s fleet of nuclear- 
powered submarines and surface warships... 
the nuclear cargo ship N/S Savannah . . . the 
nuclear power plant at Shippingport, Pa.... 
and the EBWR at Argonne National 
Laboratory. 

Write today for detailed information. 


CRAN E VALVES & FITTINGS 


PIPE « PLUMBING « HEATING « AIR CONDITIONING 
Since 1855— Crane Co., General Offices: Chicago 5, Ill.— Branches and Wholesalers Serving All Areas 


CRANE EXPORT DIVISION: Long Island City, N. Y. © GREAT BRITAIN: Crane Limited, London, Eng. © CANADA: Crane Limited, Montreal, Qué 
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SPECIFICALLY FOR 
NUCLEAR APPLICATIONS 


These transducers are an engineered family of highly reliable instruments for measuring pres- 
sure temperature, flow, liquid level and differential pressure. » » Compact and rugged con- 
struction enables the units to meet the severe environmental conditions of MIL-N-19900 while 
maintaining outstanding accuracy. » » For any transducing application wherein reliability is a 
paramount consideration you should review the specification of these nuclear transducers. 
Consolidated Controls Corp. also designs and manufactures complete Instrumentation and 
Control Systems using static components. Complete details available by contacting Dept. NT. 





nt 


CONSOLIDATED CONTROLS CORP. 


BETHEL, CONN., INGLEWOOD, CALIF. 


| : A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION, 


Que. STAMFORD, CONNECTICUT 
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{ENT CORPORATION 


4AVEN, ¢ NNEC uT 


March 16, 1959 


» James Girdwood 
(CLEONICS 

BQ West 42nd Street 
bw York 36, New York 


sar Mr. Girdwood: 


sst January TMC conducted a mailing which 
primarily to serve two purposes. The 

irst was to announce our new CN-110 Trans- 

torized Multi-Channel Pulse Analyzer. 

he second was to clean out the list in 

eparation for a more thorough direct mail 

avertising progran. 


would like to call your attention to two 
secific things in the presentation. The 
sestion at the bottom of the reply card 
pgarding advertising was meant to take 
Wstomer Opinions into consideration while 
anning our next media schedule. The 

ther was to offer a “coffee cup". 


he result of the mailing was quite inter=* 
Sting. Out of 3400 pieces sent, apprg 

mately 2000 cards were returned. get of 

e 2000 cards returned, 632 hagefnswered 

he last question regarding Mivertising. 


16 Daa a oS os LO O 


1. NUCLEONICS -- 203 
Rieke Ot sekentttic Instruments -- 71 

. Science -- 23 

4. Electronic Design -- 21 

. Chemical & Engineering News -- 20 

. All others -- 194 


All others" were publications too numerous 
Omention. The maximum number given fora 
iblication listed under "others" was 13 
Physics Today) 


would like to mention that "Coffee Cup", 
lorthford, Cond .Adibeeme) bas been deluged | 
ith lettep@And postal cards kingsé 


bffee cu Over 600 letters gnd cards 
have been *eUNmisteedetasseet nary asking 
Ormore than one cup. Often a supply for 
tfitting a complete coffee club was re- 


uested. The record letter requested 58 
ups to be sent. 


ae results of the advertising poll placed 
WCLEONICS way out infront. I might men- 
ion that I had considered your publication 
sSort of a reactor book for the last year 

© So and thought that our particular cus- 
omers might not be reading it. Over the 

aSt months, inquiry letters which men- 
toned NUCLEONICS as the source of the original 
mormation have been rather small. How- 
ver, there is no doubt that our customers 

© reading NUCLEONICS as evidenced from 

a results of the tabulation listed above. 


Yours very truly, 


TECHNICAL MEASUREMENT CORPORATION 


P / 1 YA 
fo 7 Ny | 
Kale /i/i DN. 
COL nm 


Robert M. Ghen 
Vice President 





A McGraw-Hill Publication (> ABD) 





Yes, I thought you already knew why 
I was so interested in knowing the cap- 
ture cross section of Gd?**, You see, old 
boy, it’s a matter of simple deduction. 
As commercial reactor applications 
come closer to reality, neutron fluxes 
will be increasing. 

As you know, Lady Baskerville is 
contemplating the construction of a 
nuclear reactor on the moor some day. 
Surely, if it is to be a profitable ven- 
ture, we must use materials which will 
perform satisfactorily, and at the low- 
est possible total cost. 

Right now one of the important 
mysteries to be resolved is the selec- 
tion of the optimum control rod poi- 
son. As you know, sharp decreases in 
costs of rare earth materials have 
made the use of these poisons look ex- 
tremely attractive. Now you see, Wat- 
son, tests indicate that inexpensive 
mixtures of gadolinium and samarium 
or gadolinium and dysprosium have 
good enough resonance integrals to 
give quite satisfactory rod worth in 
most systems. 

Yet, in calculating rod lifetime it is 
impossible to estimate performance 
without knowing the cross section of 
Gd, at least approximately. Without 
knowing the cross section of Gd, 
these physics blokes insist that it be 
assumed equal to zero. Hence a con- 
trol rod with a surface density of 1.5 
gm/cm? of gadolinium would absorb 
about 1.7 x 1074 n/cm? in Gd? and 


“But Watson, I thought you knew 
I was interested in 
knowing the capture cross 


section of Gd**” 
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Gd157 before losing its thermal black- 
ness. This is adequate for most com- 
mercial reactors now being built, but 
for some of the future, higher flux ma- 
chines, longer life would be highly 
desirable. 

If Gd! has a cross section of 1,000 
barns, the rod mentioned above would 
have a capacity of about 2.3 x 1071 
n/cm?, a cross section of 2,000 barns 
would result in a capacity of about 4 x 
107!n/cm*, and a cross section of 5,000 
barns would yield an absorption cap- 
ability of 5 x 10*4n/cm*. So you see, 
Watson, either a longer lifetime or a 
lighter loading could be realized if the 
cross section of Gd?** were to prove 
substantial. 








Nene owen 






Hi ! 


One reason I’m so interested in this 
cross section, Watson, is that one of 
the Americans did some work about 10 
years ago that showed 3 atoms of Gd'* 
being consumed for every 20 atoms of 
Gd? and 70 atoms of Gd**’, Thus we 
have a clue that the cross section of 
Gd! may be between 5,000 and 10,000 
barns. If this proves to be so, Watson, 
Gd***, which has hitherto been indi- 
cated as a villain based on insufficient 
and circumstantial evidence, may in 
fact prove to be the hero of control rod 
technology. Several investigators at 
the laboratories are, or will soon be, 
researching this important matter. 
Please keep me informed as to their 
progress in analyzing the evidence. 





Now really, Holmes knows and should 
have told Watson that Lindsay is head- 
quarters for neutron absorbing rare 
earths for use in nuclear reactors. 

Lindsay can make prompt shipment 
of gadolinium, samarium, dysprosium, 
erbium and europium materials. They 
can be supplied as oxides, which can 
be custom-made with regard to den- 
sity and particle size, and also as other 
compounds or metals. 


PLEASE ADDRESS INQUIRIES TO 


We hope it will be reassuring to you 
for us to tell you in this advertisement 
that Lindsay has ample capacity to 
meet anticipated requirements for 
neutron poisons in the foreseeable fu- 
ture. Our technical staff is familiar 
with control rod technologies and is 
available to consult with you on these 
problems as well as to help you select 
the most suitable and economical mix- 
tures of materials. 





(frre | INDSAY CHEMICAL | )IVISION 


American Potash & Chemical Corporation 





OFFICES: CHICAGO * LOS ANGELES * SAN FRANCISCO * NEW YORK * PORTLAND (ORE.) * ATLANTA * COLUMBUS (0.) * SHREVEPORT 
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3000 POUNDS 
OF LEAD WEIGH 
EXACTLY 1% TONS; 


may require especially reinforced 

floors; cost approximately $800.00; 

‘ and are altogether superfluous with the 
availability of the 

new Amperex’ 
Type 18515/Type 18517 
Low-Level Beta Counter 


In recent years, the meas- 
Bo of low level radiation 
, fhhas become increasingly 
+ important, particularly in con- 
nection with the radioactive 
contamination of the atmos- 
phere, water supplies, food- 
stuffs, and the waste. material 
from medical, radio-chemical 
and nuclear laboratories. 
Hence, an acute need has 
developed for a reliable, ultra- 
sensitive Geiger counting 
system which combines accuracy and compactness at 
a moderate cost. 


The new Amperex Type 18515/Type 18517 low 
level beta counter tube configuration now makes such a 
system possible. A single cosmic ray guard tube, Type 
18517, now replaces an entire array of up to thirty 
guard tubes heretofore required in low background 
systems. 

A system utilizing the new Amperex tubes requires 
only 400 lbs. of lead shielding to achieve backgrounds 
in the order of 1 cpm—thus eliminating as much as 
3000 lbs. of shielding material necessary for a conven- 
tional system. 

_ The resultant simplification in circuitry, plus the 
elimination of multi-guard tube malfunctions, provides 
4 dramatic increase in system reliability.. 
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By virtue of its unique design, the beta detection 
efficiency of the Amperex 18515 beta tube greatly ex- 
ceeds that obtained by any previous halogen-quenched, 
thin-window tube. 


Because of its unique construction, processing, and 
gas mixture, the cosmic ray efficiency of the guard 
counter is virtually 100%. Thus, NO cosmic ray can 
actuate the inner tube without simultaneously actuat- 
ing the guard counter. 


To reduce the effects of radioactive contamination, 
utmost care has been taken in the selection and process- 
ing of all materials used in the fabrication of these tubes. 


The type 18515 can be supplied with a mica window 
1.5—2 mg/cm?, or, where a further reduction of back- 
ground is required, with a steel foil window 8 mg/cm”. 


Thus, AMPEREX, first to manufacture produc- 
tion quantities of Geiger-Muller tubes with completely 
uniform and predictable characteristics, and subse- 
quently, pioneers in the development and mass produc- 
tion of stable, unlimited-life, halogen-quenched Geiger 
tubes, has again turned its ‘proprietary’ manufacturing 
techniques to the implementation of a significant new 
development in radiation measurement from the re- 
search laboratories of Philips of the Netherlands. 


For additional information, write to Semi- 
Conductor and Special Purpose Tube Division, Amperex 
Electronic Corporation, 230 Duffy Avenue, Hicksville, 
Long Island, New York. 





ask Amperex 


about their full range of radiation counters, 
high temperature radiation counters, 
photomultipliers, photo-sensitive devices, 
indicator tubes, premium electron 

tubes and semi-conductors. 
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call on 
Ebasco’s 

nuclear 

engineering 


Services 


Ebasco’s increasing activities in nuclear engineering place at your disposal a wide range of specialized 
services in this growing field. Augmenting Ebasco’s competence in this field is a 50-year reputation for 
uncompromising quality in diversified engineering and construction work. This combination offers you 
sound assurance of practical and economical results in the application of atomic energy. 


Ebasco performs the following nuclear engineering services for clients: 


Reactor Systems Evaluations 
Design of Nuclear Plants 
Construction of Nuclear Plants 
Hazards Analyses 
Start-Up and Testing of Plants T %, | NEW YORK 
Training of Operating Staff Dace, : | CHICAGO 
Engineering and Economic Investigations — CALLAS 

: PORTLAND, ORE. 
Research and Development Assistance i _ SAN FRANCISCO 
Nuclear Investment Consultation © WASHINGTON, D. C. 
Coordination with Government Agencies : : 


+ + + + + FH HF H HF 


Consulting Engineering +» Design & Construction + Facilities Planning + Financial & Business Studies + Industrial Relations 
Insurance, Pensions & Safety +» Purchasing, Inspection & Expediting - Rates & Pricing * Research * Sales & Public Relations 
Systems, Methods & Budgets + Tax + Valuation & Appraisal + Washington Office 
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auperior TA that counts in rolling the reactive metals 


materials for fuels — 
e uranium 
e thorium 
e uranium -niobium 


material for shielding 
and control — 


e boron stainless steel 


materials for cladding 
and structural parts — 


e zirconium 
e zircoloy 


The successful commercial production of various strip, sheet, 
plate and bar forms of these reactive metals is a Superior 
achievement based upon long-term pioneering, research, anid 
the perfection of special mill techniques, Over the past six 
years we have supplied such fabricated metals to a number of 
\\\ reactor builders, meeting their exacting specifications. @ Your 
requirements are welcome—let us consult with you. 
/] 


SUPERIOR STEEL DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 


For Export: Copperweld Steel International Company, New York 








Copyright, American Map Co., Inc., New York, No. 11855—C 


Here’s the World’s record in REACTORS AN 


Active since the very beginning of 
the civilian atomic energy program, 
AMF Atomics has steadily grown in 
stature as one of the world’s leaders 
in the peaceful application of the 
atom. Within that time, AMF has 
built a stockpile of experience in 
nucleonics that is unique. 

It is, today, the world’s leader in 
the design, development and con- 
struction of research reactors. 
Five AMF reactors are already in 
operation—a number are nearing 
completion—and there are many 
others in the fabrication stage, both 
home and abroad. Of the pool type, 


heavy-water, and light-water tank 
types, these AMF reactors offer a 
maximum of economy as well as in- 
herently safe design and great ex- 
perimental flexibility. 

In power and marine propulsion, 
too, AMF Atomics has played a 
leading role. AMF has developed 
a variety of boiling water designs 
that range from small, remote in- 
stallations to large, central power 
stations. 

Aside from its reactor design and 
construction activities, AMF Atom- 
ics has also taken the lead in devel- 
opment of reactor control-rod 


drives, remote material-handling 
equipment, and a number of other 
specialized nuclear devices. For 
example, AMF designed, developed 
and built refueling equipment for 
sodium-cooled atomic power plants 
for submarines, as well as the fuel- 
handling equipment for the Enrico 
Fermi Fast Breeder Reactor. 

For a complete reactor facility... 
for specialized control and handling 
equipment...for authoritative 
assistance at any stage of your 
atomic energy program—look to 
AMF Atomics. 


* Power and Research Reactors * Reactor Control Systems * Radio-active Material Handling Equipment * Engineering and Design Services 





UCLEAR EQUIPMENT...BY AMF ATOMICS 


AMF REACTORS IN OPERATION 


Battelle Memorial Institute, Columbus, Ohio 

Industrial Reactor Laboratories, Inc., Plainsboro, N. J. 
Technical University of Munich, Munich, Germany 
International Exhibition, Het Atoom, Amsterdam, Netherlands 
McMaster University, Hamilton, Ontario 


AMF REACTORS UNDER CONSTRUCTION 


Japanese Atomic Energy Research Institute, Tokai-Mura, Japan 
Greek Atomic Energy Commission, Aghia Paraskevi, Greece 
Union Carbide Nuclear Company, Sterling Forest, New York 


a(n) 


AMF ATOMICS 


Societa Ricerche Impianti Nucleari, Milan, Italy 

AMF-GNE Educator, University of Florida, Gainesville, Fla. 
Portuguese AEC, Lisbon, Portugal 

Commissariat d’Energie Nucleaire, Rehovoth, Israel 

Puerto Rico Nuclear Center, Mayaguez, Puerto Rico 
Oesterreichische Studiengesellschaft fiir Atomenergie Ges. m.b.H. 


AMF REACTORS IN DESIGN STAGE 
University of Buffalo, Buffalo, New York 
University of Tehran, Tehran, Iran 

University of California at Los Angeles, Cal. 
University of Washington, Seattle, Washington 


ATO | I 3 ~ A Division of AMERICAN MACHINE & FOUNDRY COMPANY 





AMF Building * 261 Madison Ave. * New York 16, N. Y. 








In selecting tubing for fuel element cladding in nuclear 
reactors, the following factors must be considered and prop- 
erly evaluated: 


1. Type of fuel—ceramic or metallic matrix 


2. Environment—temperature, pressure and corrosive conditions 
encountered 


3. Neutron economy—whether materials like zirconium, colum- 
bium, vanadium or Zircaloy, which have the best nuclear char- 
acteristics, are to be used; or whether less effective substitutes 
must suffice as a cost consideration 


4. Standard of reliability and integrity—what is wanted, what 
it is possible to produce, what is economically feasible 


5. Dimensional requirements—OD, ID or wall thickness or any 
combination of these; straightness of tubing; and tolerances 
to be held 


The following composite inquiry will show what Superior does 
to give its customers the utmost satisfaction: 


Analysis: Seamless 304, .002% max. cobalt limitation, chem- 
istry restriction. 


Size: .443 in. +.0005 in. OD X .423 in. +.0005 in. —.0000 in. ID. 
Cut lengths, tolerances 1% in. 


Tests: Nondestructive ultrasonic, to a 3% wall defect level; 
helium leak test; autoclave corrosion test; 2-hr. hydrostatic test. 


Other Requirements: Dye penetrant inspection; no chlorinated 
lubricants or cleaning fluids permitted. 


How to get the tubing you need for fuel element cladding 





Tubexperience in action 





Here is the tubing supplied by Superior and the requirements 
which it met: 

Analysis: 304L because of application temperature. By special 
melt we got .01% max. cobalt level. By converting ingot we 
attained a .003% max. 

Size: Tolerances of +.001 in. OD and +.001, —.000 in ID. 
We air-gaged to insure ID tolerances. 

Ultrasonic Test: Agreed upon a defect level of 10% of the wall, 
since wall thickness was less than .040 in. We also recommended 
Eddy current. 

Helium Leak Test: Customer waived this test. It has been 
dropped from Nuclear Military Specifications. It is used on 
completed assemblies only. 

Autoclave Corrosion Test: Time and temperature test made. 


Hydrostatic Test: It was decided to limit this test to completed 
pressure vessel, 

Dye Penetrant Inspection: Performed according to speci- 
fications. 

Chlorinated Lubricants or Cleaning Fluids: Since use of 
them is general procedure in all tube processing plants, customer 
withdrew restriction. 

identification: This can be met, although costly. Customer 
waived requirement. 

Superior’s experience in the nuclear and missile field can help 
you develop fuel element cladding to satisfy any special 
requirements. Write for a copy of Data Memorandum No. 20 
and more information. Superior Tube Company, 2027 Ger- 
mantown Avenue, Norristown, Pa. 


Swoervar lddbe 
ye name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2Y¥, in. OD 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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Drawing shows the machine in position to 
insert thimble through bottom of reactor vessel. 


Built specifically for the new 


Westinghouse Testing Reactor 


the world’s first remotely controlled 
reactor thimble loader — engineered 
and manufactured by General Mills 


This hydraulic Thimble Loader is another example of 
General Mills’ know-how in the nuclear equipment 
field. Designed for operation under water, it plays a 
vital role in Westinghouse’s advanced testing reactor at 
Waltz Mill, Pennsylvania. 

Material samples for irradiation are inserted into and 
extracted from the core of the reactor by the remotely 
controlled Thimble Loader. In addition, it transports 
the thimbles to the hot cells entirely under water—the 
water acting as a shield, lubricant, hydraulic fluid, and 
viewing medium. The Thimble Loader is quickly and 
accurately positioned. Constructed entirely of alumi- 
num, stainless steel, and bronze, it is powerful, yet precise 
and requires practically no maintenance. 

It is understandable that Westinghouse came to us for 
such specialized equipment. With a decade of experience 
behind us, we had the very capabilities they were seek- 
ing—complete technical design and manufacturing services for 
all kinds of nuclear handling equipment. 

If you’re planning an equipment application, we in- 
vite you to consult us. We may already have produced 
the devices you need. If not, our wide experience in this 
field may prove helpful in designing and constructing 
the necessary equipment. Write for new booklet de- 
scribing our capabilities. Address: Nuclear Equipment 
Department, Mechanical Division of General Mills, 
419 N. 5th Street, Minneapolis 1, Minn. 
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Opening soon—the Westinghouse 
Testing Reactor in Waltz Mill, Penn- 
sylvania—another example of tech- 
nological progress. Congratulations 
Westinghouse! 





meSepartuent NAECHANICAL DIVISION 


Vol. 17, No. 5 - May, 1959 


MINNEAPOLIS 1, MINNESOTA 














1, EX-CELL-O HAMILTON AVE. PLANT, DETROIT 
Aircraft actuators and miscell precisi 
and assemblies, tape-controlled machine tools, electro- 
spark machines, standard precision machine tools, 
milk packaging machines, drill jig bushings, railroad 
pins and bushings. 


2. EX-CELL-O OAKMAN BLVD. PLANT, DETROIT 
Custom machines, multi-stati stomated transfer 
machines, precision boring and grinding spindles, 
standard and high-speed steel and carbide-tipped cut- 
ling tools and broaches. 


3. EX-CELL-O MARTIN AVE. PLANT, DETROIT 
Aircraft fuel controls, nozzles, fuel metering devices. 


4, EX-CELL-O BLUFFTON PLANT, BLUFFTON, 
OHIO 
Machine tools, milk packaging machines. 


‘ 5. EX-CELL-O FOSTORIA PLANT, FOSTORIA, 
4 OHIO 
Jet engine compressor blades. 


6, EX-CELL-O LIMA PLANT, LIMA, OHIO 
Jet engine blades, rotor disks, precision parts and 
special sheet-metal configurations. 


7, EX-CELL-O GREENVILLE PLANT, GREENVILLE, 
OHIO 

Reciprocating torque actuators, precision thread and 
groove gages, granite surface plates, precision parts 
and assemblies. 


8. EX-CELL-O NEW BREMEN PLANT, NEW 
BREMEN, OHIO 
Prototype parts and assemblies. 


9. EX-CELL-O TOLEDO ENGINEERING OFFICE, 
TOLEDO, OHIO 
Engineering development operation. 


10, EX-CELL-O ELWOOD PLANT, ELWOOD, IND. 
Jet engine blades and miscellaneous precision parts 
and assemblies. 
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Send for details on how the Ex-Cell-O 
family can help you with your problems. 
Address all inquiries to Ex-Cell-O Corpora- 
tion, Detroit 32, Michigan. 


59-45 





















































11. EX-CELL-O DOWNEY PLANT, DOWNEY, 
CALIF. 

Precision parts and assemblies, drill jig bushings. 
12. EX-CELL-O BLACK MOUNTAIN PLANT, 
BLACK MOUNTAIN, N. C. 

Precision parts and assemblies, railroad pins and 
bushings. 

13. MICHIGAN TOOL CO., DETROIT 
Machines, inspecti quip # and cutters for 
gear production, hi for cold-forming 
splines and serrations. 

14. GEAR-O-MATION DIV., MICHIGAN 
TOOL CO., DETROIT 

Automated work handling equipment. 

15. SHEAR-SPEED DIV., MICHIGAN TOOL 
CO., DETROIT 

Cutting fluids for machining. 

16. CONE DRIVE GEARS DIV., MICHIGAN 
TOOL CO., TRAVERSE CITY, MICH. 

Double enveloping worm gears, speed reducers, 
gearmotors. 

17. MANISTEE IRON WORKS DIV., MICHI- 
GAN TOOL CO., MANISTEE, MICH. 

Ferrous and non-ferrous castings. 

18. CADILLAC GAGE CO., DETROIT 

Aircraft and missile servo valves, ordnance fire 
control systems, missile guidance systems com- 
ponents, precision inspection equipment. 

19. CADILLAC GAGE CO., COSTA MESA, 
CALIF. 

Prototype and production servo valves and actua- 
tors for aircraft and missiles. 

20. BRYANT CHUCKING GRINDER CO., 
SPRINGFIELD, VT. 

Precision internal grinders and related equipment, 
magnetic data storage drums for digital com- 
puters. 

21. E. G. STAUDE MFG. CO., INC., 

ST. PAUL, MINN. 

Div., Bryant Chucking Grinder Co. 

Box manufacturing machines, boxboard printing 
presses. 

22. ROBBINS ENGINEERING AND DEVELOP- 
MENT CORP., WALLED LAKE, MICH. 
Engineering and research staff. 

23. AMERICAN PAPER BOTTLE CO., 
WALLED LAKE, MICH. 

Milk packaging machine engineering and devel- 
opment. 

24. ACCURATE BUSHING CO., GARWOOD, 
N. 4. 

Drill jig bushings, precision needle bearings, pre- 
cision parts and assemblies. 

25. EX-CELL-O CORP. OF CANADA, LTD., 
LONDON, CANADA 

Precision machine tools, precision grinding and 
boring spindles, drill jig bushings, torque actua- 
tors, railroad pins and bushings, micron parts for 
jigs and fixtures, Continental counterbores, pre- 
cision parts and assemblies. 

26. COLONIAL TOOL CO. OF CANADA, LTD., 
WINDSOR, CANADA 

Div., Michigan Tool Co. 

Cutting tools, broaches. 

27. EX-CELL-O CORP. (MACHINE-TOOLS) 
LTD., LEICESTER, ENGLAND 

Precision machine tools and accessories. 

28. EX-CELL-O G m b H., GOEPPINGEN, 
WUERTTEMBERG, GERMANY 

Precision machine tools and accessories. 
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Built to withstand highly corrosive fluorine-containing gases, 
Monel nickel-copper alloy porous sintered filter elements 


at 


oat 


| 
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are lowered into shell. Entire unit, including housing was 
constructed by Purolator Products, Inc., 


Rahway, N. J. 


Filters most corrosive element known 
.. With porous sintered Monel 


This filter reclaims solid particles 
from a gaseous stream containing 
fluorine — the world’s most reactive 
element. It’s made of porous sintered 
Monel* nickel-copper alloy, stands up 
in fluorine service much longer than 
filters of other materials. Housing 
and cover are Monel, too. 

Porous metal filters of Monel and 
other Inco Nickel Alloys are proving 
invaluable wherever corrosion, cyclic 
shock, heat or radioactivity must be 
reckoned with. They’re made with 
pore sizes from 50 down to 0.2 mi- 
crons, + 10%. 


For high-temperature filtering . . . 
particularly above 1000°F, porous 
sintered Inconel* nickel-chromium 
alloy is used ... for filtering such 
materials as molten sodium and 
potassium and removing catalyst 
particles from gaseous products of 
catalytic cracking units. 


For low-temperature filtering . . 

handling liquid helium, liquid oxy- 
gen. Here, porous Monel alloy and 
Nickel stand up where glass or cellu- 
lose fibers break up... retain useful 
properties even below minus 450°F. 


In many areas of the expanding 
nuclear industry, Inco Nickel Alloys 
provide useful combinations of cor- 
rosion resistance, strength at both 
low and high temperatures, good 
thermal and electrical properties. 

Our new booklet ‘‘Handling 
Fluorine and Fluorine Compounds 
with Inco Nickel Alloys” shows 
many industry-proven applications. 
Yours for the asking from Inco. 


“Registered trademark 


The International Nickel Company, Inc 
67 Wall Street io, New York 5, N. Y. 


_INCO NICKEL ALLOYS 
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plant into existing network (solid lines). Earlier, site was 
to have been on seacoast at mouth of Garigliano river 
near Punta Fiume. Plant will be operating by 1963 


FIG. 1. Artist's conception of SENN reactor at Gari- 
gliano River site indicated on map. Dotted lines are 
proposed 220-kv transmission lines that will tie nuclear 





Why SENN Chose GE Reactor 


Out of nine proposals for Italy's first nuclear plant, 
the GE boiling-water plant was judged best all around 


in economics, soundness of design and development potential 


By CARLO MATTEINI, Societa Elettronucleare Nazionale, Rome, Italy* 


‘ THE REACTOR SENN plans to build on 
: the Garigliano River (Fig. 1), on the 
basis of the recent international com- 
petitive bidding, appears to be the best 
reactor that the world has to offer at 
this time for the power market of south- 
ernItaly. In comparing the GE (Gen- 





*Present Appress: Prof. Matteini, for- 
merly Chairman of the Board for SENN, is 
now Professor of Electronics, Univ. of 
Rome. 

Tt The General Electric Co., in the SENN 
hegotiations as in its other dealings with 
foreign customers, is represented by its 
subsidiary IGE—the International General 
Electric Co. 
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eral Electrict) reactor with the other 
proposals, SENN (Societaé Elettro- 
nucleare Nazionale, an Italian nuclear 
power syndicate) found that the GE 
reactor would produce significantly 
cheaper power (see Figs. 2 and 3), had 
no technical problems, was relatively 
flexible in operation and showed good 
potential for future improvement. In 
design, the GE plant is very similar to 
GE’s dual-cycle Dresden plant in the 

J. S. (see table, p.97). When it is put 
into operation in 1963, the SENN plant 
will turn out power that will cost about 
10% more than power from an equiv- 


alent oil-fired plant in the same region. 

The SENN reactor project began in 
the summer of 1957 when the Italian 
government and the World Bank 
started to consider plans for the con- 
struction of a large nuclear power sta- 
tion in southern Italy by SENN. 
With the help of foreign technical con- 
sultants, SENN issued bid invitations 
in October, 1957 to 22 foreign reactor 
manufacturers for a 130-150-Mw/(e) 
plant. The type of plant was left open 
to the bidder as long as he could guar- 
antee satisfactory industrial service. 
He was also free to propose either a 


95 








United States 
Kaiser Engineers— Westinghouse 


Atomics International—Bechtel 
Great Britain 


Nuclear Energy Ltd. 


France 
France—Atome 





These Companies Bid on SENN 


Proposing Companies 


H. K. Ferguson—Babcock & Wilcox 

International General Electric—Ebasco Services 

Mitchell Engineering Ltd.—American Machine & 
Foundry—General Nuclear Engineering 


Associated Electrical Industries—John Thompson 


English Electric Ltd.—Babcock & Wilcox Ltd. 
General Electric Ltd.—Simon Carves 





Reactor Type 


pressurized-water 
pressurized-water 
boiling-water 
organic-moderated 


boiling-water 
gas-cooled 
gas-cooled 
gas-cooled 


gas-cooled 








single turbogenerator to supply the 
full 130-150 Mw/(e) or two sets in par- 
allel at 65-75 Mw/(e) each. 

By the April 30, 1958, closing date 
for the bids, nine firms (see box) had 
submitted proposals. After studying 
the bids during the summer, SENN 
announced in September that it had 
chosen the bid submitted by GE as the 
one most suited to its needs. The main 
reasons for this choice were: 
® The cost per kwh produced by the 


GE plant came out lowest. Fig. 2 
shows the kwh cost for GE and other 
bidders versus hours of use per year, 
both for guaranteed output and burnup 
and for design output and burnup; the 
vapital charges were 15% per year. 
Similarly, Fig. 3 shows the kwh cost 
versus capital charges with a load fac- 
tor of 70% (6,100 hr/yr). 

® No major technical objections about 
the ability of the reactor to meet the 
proposed design conditions were found 
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in the GE offer. A careful evaluation 
of the experience to date with each of 
the proposed reactor types led us to 
conclude that it is still early to consider 
the industrial experience for any reac- 
tor system as a factor in choosing be- 
tween different capital costs. 
® High flexibility in operation, both in 
plant response to the network load de- 
mand and other normal plant opera- 
tions.. The proposed over-all plant- 
control system was judged as flexible 
as any of the types proposed. This 
feature is relatively more important 
for power plants built in Italy because 
network conditions and daily and sea- 
sonal load changes are more of a prob- 
lem than in the U. 8S. or Great Britain. 
Other important features of flexi- 
bility in plant operation include the 
abilities to readily accept improved fuel 
assemblies, to completely remove and 
replace the core (except control-rod 
positions) and the possibility of using 
large numbers of control rods in com- 
bination with the in-core power-moni- 
toring system to adjust power distri- 
butions and burnup. 
® Possibility of future improvements 
(These future 
possibilities, however, were not con- 
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sidered per sein the choice.) Although 
improvement potential often seems re- 
lated inversely to actual operating ex- 
perience, the GE design does appear to 
offer real possibilities for improving the 
fuel-element performance per unit cost 
of fabrication and increasing power out- 


put at a later date. Further, the GE 
design is particularly suited to take ad- 
vantage of these future-improvement 
possibilities because the necessary pro- 
visions can be included in the present 
design at a relatively low increase in 
the initial capital cost. 

We estimate that a large part of the 
total plant will be manufactured and 
built in Italy; as far as the equipment 
is concerned, the main item will be the 
turbogenerator, which will be manu- 
factured by Ansaldo Co. of Genoa. 

The plant is scheduled to be in oper- 
ation by late 1962 or early 1963. 


Site Selection 


After a comprehensive review of the 
possible locations in Southern Conti- 
nental Italy, we focused our attention 
on three sites along the Garigliano 
River (roughly 100 miles south of 
Rome), as this river has a fairly high 
and constant flow rate, a satisfactorily 
low water temperature and adequate 
water purity. 

Among these three locations, one pre- 
sented serious drawbacks from a geo- 
logical standpoint; another; unfavor- 
able meteorological conditions and 
likelihood of earthquakes. The final 
choice fell on the south (left) bank of 
the Garigliano River near its mouth 
(Fig. 1). The site presents quite satis- 
factory population density and meteor- 
ological conditions. 

It is easily accessible from the sea 
and from the land, via highways linking 
Rome to Naples and is 17 miles from 
the existing 220-kv transmission lines. 
Largely bounded by the sea it presents 
favorable conditions for airborne radio- 
activity release. 

The Garigliano River, which will 
serve as a heat sink, has an average flow 
of 1,940,000 gpm and a minimum flow 
of approximately 635,000 gpm; the 
average water temperature, measured 
at 9 feet below the surface, is 56° F, 
with a minimum of 46° F and a maxi- 
mum of 68° F. 


Economics 


As previously stated, one of the fun- 
damental criteria in choosing the suc- 
cessful bid was the cost of the generated 
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SENN Plant Data and Flow Diagram 





SENN Dresden* 
Gross electrical output (kw) 160,000 192,000 
Net electrical output (kw) 150,000 180,000 
Reactor thermal power (Mw) 507.8 626 
Net plant heat rate (Btu/kwh) 11,533 11,880 
Core Assembly 
Diameter (ft) 9.7 10.7 
Height of fuel assembly (ft) 11.3 9.9 
Fuel-rod geometry Cyl. rods in square array 
Rod spacing (centers) (in.) 0.71 0.71 
Channel size (inside width) (in.) 4.29 4.29 
Fuel rods/channel 36 36 
Number of fuel assemblies 384 488 
Total number of fuel rods 13,807 17,331 


Fuel 
Rod construction 


UO; Pellets in Zr Jacket 


Active rod length (in.) 104.5 105.2 
Rod diameter (average o.d.) (in.) 0.563 0.56 
Uranium charge (tons) 45.6 58 
Irradiation time (yrs) 3.7 4 

assumed load factor (%) 80 70 

assumed burnup (Mwd/ton) 12,000 10,000 
Average uranium throughput (lb/hr) 24,750 31,980 
Maximum neutron flux at rated output (n/em*/sec) 7.6 X 1018 5 X 1018 
Total excess reactivity of core at start of equilibrium loading 

period (%) 10 11.6 
Heat Transfer and Fluid Flow 
Average heat flux (Btu/hr/ft?) 97,600 94,660 
Average power density (in-core coolant volume) (kw/liter) 28.6 49 
Maximum center fuel temperature at 100% load (°F) 3,867 4,570 
Inlet water velocity at center channel (fps) 5.45 6.44 
Exit water velocity at center channel (fps) 13.7 12.46 
Average exit steam quality (by weight) (%) 8.0 4.9 





* Figures from 
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FIG. 4. Schematic elevations of East-West (left) and North- 
South (right) sections of reactor containment sphere. 


power. This cost has been evaluated 
for the particular requirements of the 
SENN case under a range of different 
assumptions. For instance, the costs 
were calculated for a range of capital 
charges, because at the time the source 
of financing was not known. 

If we consider only the machinery 
and equipment plus civil works and 
spare parts for the GE plant, we get 
$295/kw for the capital cost. A thor- 
ough economic analysis would include 
other expenses necessary to put our 
power plant into operation, such as ini- 
tial fuel fabrication (excluding cost of 
uranium), substation, 100 km of 220-kv 
transmission lines, spare parts, over- 
head expenses, escalation clause and 
interest during construction; added to- 
gether these would increase the figure 
given above by about 40% to give a 
total of $415/kw. 

Presently the nuclear energy cost is 
still somewhat higher than the cost of 
energy produced by conventional-fuel 
power plants; in fact according to the 
detailed study by Allardice and Ippolito 
(P/1120, Geneva ’58), it appears that 
in Southern Italy an oil-fired power sta- 
tion of 150 Mw net electrical output, 
with a load factor of 7,000 hr/yr and a 
net plant heat rate 6f 10,188 Btu/kwh 
would have a capital cost of $140 per 
installed electrical kw and a fuel cost of 
6.58 mills/kwh. Assuming deprecia- 
tion and capital charges equal to 15% 
per year, the cost of electric energy sent 
out by a conventional power station to 
date, would be about 10% less than the 
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The turbo- building 


minimum cost of energy [about 14 
mills/kwh for the GE plant] supplied 
by any of the nuclear power plants 
proposed. The calculations done by 
SENN were based more on comparative 
values rather than on absolute values 
which are not easily determined in a 
preliminary analysis. The results are 
consequently less optimistic than the 
cost of nuclear power indicated above. 


REACTOR DESCRIPTION 


SENN’s Garigliano reactor, quite 
similar in design to Dresden, is a dual- 
cycle boiling-water type with forced cir- 
culation. The box on p. 97 shows the 
flow diagram for SENN and compares 
the Dresden and SENN plant data. 
The arrangement inside the pressure 
vessel is shown in detail in Fig. 4. 


Primary Components 


The pressure vessel is cylindrical 
with hemispherical top and bottom 
heads. The control rods come up from 
the bottom, leaving the top of the core 
free of drive mechanisms that would 
interfere with refueling operations; 
also, this arrangement gives a better 
power pattern with boiling in the core. 
The pressure vessel (5 in. carbon steel 
clad with 3¢ in. stainless steel) has an 
over-all height of about 35 ft and a di- 
ameter of 11 ft4in. The cooling water 
enters the bottom of the vessel through 
two 24-in. nozzles; the steam-water 
mixture leaves the reactor through six 
18-in. outlet nozzles to the primary 
steam drum. The pressure-vessel clo- 
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generator, condenser and feedwater system are in separate 


sure—a bolted head with a double “‘O”’ 
ring seal—gives ready access to the re- 
actor interior for fuel-handling oper- 
ations. 

The primary steam drum, which sep- 
arates the steam from the steam-water 
mixture, stores water enough to assure 
a positive supply to the recirculating 
pumps. Inthe event of pump outages, 
the drum location is high enough to 
maintain adequate natural circulation. 
Centrifugal separators and baffles pro- 
duce an outlet steam quality of 99.9%. 
This high separation factor also helps 
in reducing greatly the possibility that 
radioactive solid particles from the re- 
actor reach the turbine. 

The two secondary steam generators 
have a heat-exchanging section and a 
steam-separating section; the water 
from the steam drum is pumped 
through the tube side of the generators 
by recirculating pumps (of the vertical 
centrifugal canned-motor zero-leakage 
type). 

The emergency condenser serves as 
an emergency heat sink for the system 
should the main condenser be cut off. 
It consists of a tank (35 ft long) filled 
with water that surrounds two tube 
bundles through which primary steam 
passes. The heat from the steam evap- 
orates the water in the tanks; inside the 
bundles the primary steam is condensed 
and flows back by gravity to the pri- 
mary drum. There is enough water to 
remove the reactor decay heat for 8 hr. 

In the primary circuit, all the sur- 
faces in contact with water are of 
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stainless steel to minimize corrosion. 
Heavy equipment, such as the pressure 
vessel end the steam drum, are made 
from carbon-steel clad with type- 
304 stainless steel. Forced-circulation 
lines, secondary-steam-generator tubes 
and circulating pumps, as well as the 
core structure, are solid stainless steel. 

A full-flow condensate demineralizer 
and a continuous reactor-by-pass de- 
mineralizer keep the coolant free of 
solids. 

Concrete walls shield all the primary 
recirculating-system equipment and 
also serve as the main supporting struc- 
tures within the containment vessel. 
The material used for these walls is 
normal reinforced concrete, with an 
approximate density of 140-150 Ib/ft*. 

The containment vessel is a steel 
sphere 160 ft in diameter, with a design 
pressure of 22 psig. All pipeline pene- 
trations will be fitted with isolation 
valves and the electrical line penetra- 
tions will be sealed to keep the leakage 
rate from the sphere, should the pri- 
mary loop rupture, within design limits. 


Core Design 


The 384 fuel assemblies rest at the 
bottom on the core support plate and 
are aligned transversely by the upper 
guide grid at the top. 

Each fuel assembly contains 36 fuel 
rods in a square array encased in a re- 
placeable Zircaloy channel attached by 
cap screws for easy stripping. An ori- 
fice fitted in the bottom nose piece 
establishes the correct coolant flow in- 
side the assembly. Every fuel rod is 
divided into four segments, each with 
a male threaded connector at one end 
and a female connector at the other. 

Fifty-two cylindrical UO, pellets 
stacked in a tubular Zircaloy-2 jacket 
(28 in. long) make up a fueled segment. 
The sintered pellets have an initial en- 
richment slightly below 2%. The fuel- 
loading schedule calls for 14 of the fuel 
assemblies to be replaced every nine 
months; hence, the maximum residence 
time of any fuel assembly within the 
core will be 4.5 years (an average burn- 
up of 12,000 Mwd/ton). 

A neutron-flux monitoring system in 
the core (a number of miniature ioniza- 
tion chambers inserted in dummy tubes 
within the fuel assemblies) measures 
the power distribution during reactor 
operation. There are enough monitor 
locations to give a good picture of the 
gross power distribution. 
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A faulty-fuel-element location sys- 
tem inside the reactor vessel will iden- 
tify failed fuel assemblies with the 
pressure-vessel head removed. 


Fuel Handling 


Fuel handling is carried out under- 
water by hand and direct vision. To 
refuel, prior to flooding the reactor 
cavity, the crew shuts down and de- 
pressurizes the reactor and removes the 
nuts and studs holding the pressure- 
vessel head. Then they fill the cavity 
with water and remove the vessel head 
and the internals above the core, stor- 
ing them temporarily near the pressure 
vessel. The spent fuel elements are 
transferred to the storage pool inside 
the containment sphere where they re- 
main until ready for shipping. A re- 
movable block wall shields the storage 
pool from the reactor, so that spent 
fuel can be shipped out at any time 
while the reactor is running. Refuel- 
ing 14 of the core will take about 96 hr 
from reactor shutdown to startup. 


Load Regulation 


In a dual-cycle reactor the pressure 
is kept constant by a regulator that 
acts on the primary admission and by- 
pass valves. The secondary-steam ad- 
mission valve is used to regulate the 
load over a wide range. When the 
turbogenerator is required to produce 
more power, this valve is opened to 
send a larger flow of secondary steam 
to the turbine; as a result, the tempera- 
ture of the recirculating water (that re- 
turns to the reactor) falls and this, in 
turn, reduces the steam-bubble content 
in the core. Consequently, because 
the void reactivity coefficient is nega- 
tive, the reactor output increases to 
meet the new load—without any move- 
ment of the control rods. When the 
turbine load drops, the chain of events 
operates in reverse to lower the output 
automatically. 

The plant’s load-response character- 
istics may be summarized as follows: 
® Instantaneous load changes of up to 
10% 
® Reactor power follows turbine load 
demand without rod movement for load 
changes of 35% from rated load 
® Turbine can be tripped-out without 
repositioning rods by by-passing pri- 
mary steam flow around the turbine 

The turbine needs 20 min to go from 
no-load to full-load; but, from half-load 
to full-load the only limitation is the 


rate at which steam flow can be in- 
creased. 


Reactor Control and Safety 


The 68 cruciform control rods, which 
enter the pressure-vessel bottom, are 
operated by hydraulic units located be- 
low the vessel itself. The rods are 
made of 2% boron stainless steel. 

In addition, a manually-operated 
liquid-poison system serves as a back- 
up in the event some of the control rods 
stick. The liquid poison, a sodium- 
pentaborate solution, is stored in an 
elevated tank and will flow into the 
reactor under an emergency. 

Any of the following conditions will 
automatically scram the reactor: 

® High containment-sphere pressure 

© Low primary-steam-drum water level 
® Closed steam-by-pass and turbine- 
stop valves 

®Closed reactor-enclosure-isolation 
valves 

© Low condenser vacuum 

® High reactor pressure 

® High neutron flux 

® Short reactor period 

© Low water level in reactor vessel 

® Loss of auxiliary power 

® High level in scram dump tank 

® Manual scram. 

Duplicate instrumentation gives 
greater reliability and holds spurious 
scrams toa minimum. The safety cir- 
cuits are fail-safe since de-energization 
of any component initiates a reactor 
scram. In addition to the safeguards 
already mentioned, a water-spray sys- 
tem inside the sphere will increase the 
rate of cooling after an accident and so 
help reduce the pressure in the con- 
tainment sphere. 


Turbine Plant 


The turbine-generator is a double- 
flow-exhaust turbine (160,000 kw, 1,500 
rpm, 3 cylinder) connected to a hydro- 
gen-cooled generation (200,000 kva, 0.8 
pf, 30 psi). 

The turbine has four stages of ex- 
traction heating. Because the steam 
supply is saturated, low steam veloci- 
ties and low energy drops per stage are 
necessary to minimize erosion. Pock- 
ets in which radioactive material might 
lodge have been carefully eliminated. 
Moisture removal buckets are provided 
at each extraction point and at the last 
stage of the high- and intermediate- 
pressure turbine sections. Also, the 
crossover pipe to the low-pressure sec- 
tion contains moisture separators. 
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Current Trends in Reactor Fuels—! 





Progress Report on Solid Fuels 


Among the most promising fuel materials for high-temperature operation are 









UO: and UC meats, graphite matrices and graphite and beryllium claddings, 


but knowledge of their behavior under reactor operating conditions is still scanty 


RAIsING OPERATING TEMPERATURES 
and lowering costs sum up the current 
aims of reactor technologists. The first 
problem particularly was underlined 
at the First International Symposium 
on Nuclear Fuel Elements.* In the 
Symposium papers, it was clear that 
development work is strongly directed 
toward fuel materials—both core and 
cladding—that will provide long life at 
high temperatures. 

Highlights of the discussions on high- 
temperature materials, as well as those 
on operating experience in the U. 8S. and 
abroad and on the part played by fuel- 
cycle costs in the cost of nuclear power, 
are presented in this article. 


HIGH-TEMPERATURE FUELS 


High-temperature (800° C to over 
2,000° C) fuel technology is still in its 
infancy. As yet, data is insufficient to 
pin-point one material as the most 
promising. 

High temperatures and heat-gener- 
ation rates emphasize some problems 
that are not considered as serious at 
lower temperatures: (1) corrosion— 
small amounts of impurities in coolants 
can have serious effects (the British 
estimate that the oxygen level of the 
helium coolant in their high-tempera- 
ture, gas-cooled reactor will have to 
be <1 ppm to minimize graphite oxida- 
tion at 1,000° C); (2) thermal stresses 
and usually poor thermal conductivity; 
(3) reactivity between fuels and other 
materials; (4) fission-gas retention 
(some designs permit releasing fission 
gases to the coolant—reducing cladding 
requirements but requiring a coolant- 
cleanup system). i 





* The Symposium, sponsored by Colum- 
bia University and the Sylvania-Corning 
Nuclear Corp., was held at Columbia 


University, January 28-29. 
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Fuel Materials 


Fortunately, a number of highly re- 
fractory uranium and plutonium com- 
pounds exist (1), a number of which are 
listed in Table 1. 

A pilot plant for the production of 
UOz pellets has been constructed in 
France with a capacity of 2-3 tons/ 
month (2). The initial plant process 
involved a long and costly grinding 
operation. This grinding is now 
avoided by a new approach: UO, is 
calcined to UO;. Below 400° C, fine 
UO; is formed; above 400° C, U;0g 
forms, which undergoes grain coarsen- 
ing. It is thus possible to control UO; 
particle size by the temperature and 
duration of calcination. The UO; is 
reduced by hydrogen to UO; no grain 
coarsening occurs if the temperature is 
kept below 400° C. UOsz grain sizes 


Cost (mills/kwh) 






6000 10,000 14,000 
Average Burnup (Mwd/tonne-uranium) 






FUEL COSTS increase sharply with 
lower burnup (curves based on 43-rod 
UO, cluster, 3.6 at % U2**) 





are available with specific surfaces of 
25-1 m?/gm. The optimum specific 
surface is 10-12 m?/gm, leading to a 
compact density of 10.5-10.7 with a 
sintering temperature of 1,200—1,400° C. 

Preliminary irradiation data on 
Borax-IV fuel are encouraging (3). 
This fuel consists of UO.-ThO» 0.225- 
in.-diameter pellets (6.35 wt % UOs, 
90% enriched), M-388 Al-alloy clad, 
and lead bonding. An element recently 
removed showed no damage to the 
pellets. 

Irradiation tests of arc-melted and 
cast uranium carbide (3) made by Bat- 
telle indicate that fission-gas release is 
about 0.1%—slightly less than that 
expected from recoil alone—for irradi- 
ations of 2,000 Mwd/ton and 770° C. 
However, after irradiation, the material 
cannot be handled in air and may even 
fall apart in a moist atmosphere. Un- 
less the compound can be stabilized 
against hydrolysis, its use may be 
limited to liquid-metal or gas-cooled 
reactors. 


Clad, Matrix Materials 


Metals, intermetallic compounds, 
ceramics and cermets can be used for 
cladding or matrix. 

Metals. The advantages of metals 
are ease of fabrication and “sealing” 
and superior thermal conductivity and 
thermal-shock resistance. Unfortu- 
nately, they are very sensitive to cool- 
ant impurities, particularly oxygen. 
An oxidation-resistant alloy or coating 
of extreme coolant purity will be re- 
quired for very high temperatures. 

The British are planning to use beryl- 
lium cladding in high-temperature gas- 
cooled reactors because of its high melt- 
ing point (1,280° C) and low neutron 
absorption (one-sixth that of magne- 
sium) (4). In spite of beryllium’s tox- 
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icity and poor mechanical properties, 
they estimate it would provide lower- 
cost, electricity than would stainless 
steel. A project is under way at Wind- 
scale to design and construct an experi- 
mental advanced gas-cooled reactor 
using beryllium-clad UOs. 

Commenting on beryllium cladding, 
Boettcher (5) contended that its main 
drawback is poor fabricability with re- 
sultant high cost. Tube prices, even 
some time after getting into produc- 
tion, will be $250-300/lb—many times 
the cost of magnox and considerably 
higher than Zircaloy. He was doubtful 
that costs can be reduced sufficiently to 
make beryllium really economic. How- 
ever, lack of proved alternative mate- 
rials should dictate its use for the 
earlier high-temperature fuels. 

Intermetallics. Intermetallic com- 
pounds (/) have not been extensively 
studied. They are as difficult to fabri- 
cate as ceramics. However, they 
should have better thermal conductiv- 
ity and thermal-shock resistance. 

Ceramics. Of the ceramics, graph- 
ite deserves special mention (1). It 
has good strength at very high tem- 
peratures (to 2,500° C) and excellent 
thermal conductivity, thermal-shock 
resistance and nuclear properties. For 
these reasons, the majority of planned 
high-temperature reactors will use 
graphite-base fuel elements. Carbide 
coatings being developed (ZrC, TiC, 
SiC, NbC) should make graphite suit- 
able for a variety of atmospheres. 

Spheres of UO: dispersed in graphite 
for the Sanderson and Porter gas- 
cooled-reactor project were irradiation- 
tested at Battelle (see Table 2) (3). 
Spheres were prepared by two fabrica- 
tion methods: National Carbon pressed 
a powder mixture, and Syleor impreg- 
nated porous graphite with a uranium 
nitrate solution and calcined the nitrate 
toUO2, The 114 % U?* burnup is low, 
but the calculated number of fissions/ 
cm* of matrix is high for uranium- 
graphite fuel. The data are encour- 
aging, although more data are needed 
on fission-gas release, longer burnups, 
etc. 

Several reasons were given for the 
selection of a heterogeneous fuel (UC-C 
cylinders in graphite spheres) rather 
than a homogeneous dispersion of UC 
in graphite for the German (AVR utility 
combine) ‘‘pebble-bed” reactor (8). 
Initially, the homogeneous fuel seemed 
economically more attractive. How- 
ever, it was not used for these reasons: 
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Fuel 





Comments 





Stable in He, H- to melting point; oxidizes at low 
temp.; stable in Na to high temp. 

Probably poor oxidation resistance; decomposes 
on melting 

Poor resistance to Oz, N2; dissolves in H.O at 
100° C; stable in Na, NaK to 1,300° F; UC less 
stable than UC. High density; good thermal 
conductivity 

Probably poor oxidation resistance 

Poor resistance to Nz at about 500° C 

At 1,800° C stable in air, O02; at 1,615° C decom- 
posed in He 

At 1,800° C decomposed in air; at 1,655° C stable 
in O2; at 1,335° C decomposed in He 


At 1,750° C decomposed in air; at 1,700° C de- 
composed in O»; at 1,540° C decomposed in He 

At 1,700° C stable in air 

Forms protective oxide film to at least 400° C; 
better oxidation resistance than U, but still 
poor; reaction rate with N» greater than be- 
tween U and Nz; good stability in liquid met- 
als; poor dimensional stability under irradia- 


Poor oxidation, nitriding resistance; worse than U 


Protective film in O2 to at least 400° C 
Poor oxidation, nitriding resistance (better than 
U silicides) 


Probably high melting points 


Melting Density 
compound point (°C) (gm/cm?) 
UO:2 2,750 10.96 
UN 2,650 14.32 
UC, 2,470 11.68 
UC 2,370 13.63 
US > 2,000 
UBeis 2,000 4.37 
CaUO, 

SrU0, 

UC; 1,775 (decomp) 

MgUO,; 

BaUO, 

U3Sie 1,665 12.2 
tion 

BUSI; 1,650 8.15 

USiz 1,600 8.98 

USi | 1,600 10.40 

Na,UO, 1,635 

KUO, 1,620 

UA, 1,590 8.14 

UB, 1,500 11.75 

UB, 1,500 ,. oat 

UNi; 1,300 11.31 

UO2P.0O; 1,260 

UFez 1,235 8.98 

Pu, ~2,240 11.46 

PuN 14.2 

PuC 13.6 

Pu2C; ~2,200 12.7 

PuO ~1,850 13.95 

PuBei; 1,700 4.36 

Pu;Sie 

Pu.Sis 10.15 

PuSi 

a,BPuSie 9.1 

PuOse 1,500 

PuAl, 1,480 

PuTe 

Pu2Ge; 

PuGep 

PuGe; 





(1) irradiation instability; (2) uranium 


clad porous graphite is high (1). Ac- 


evaporation during the high-tempera- 
ture fabrication necessary to provide a 
radiation-resistant graphite; (3) higher 
reactor-coolant contamination with 
fuel at the surface; (4) reprocessing 
difficulties. 

Fission-product diffusion through un- 


cording to measurements made at Los 
Alamos, elements that form stable car- 
bides, such as Zr and Mo, did not dif- 
fuse. The retention of elements like 
Ru, Rh, Eu was fair. However, gases 
and alkaline earths diffused rapidly. 
About 70-80% of the gamma activity 


101 





was lost after 5-min irradiation at 
2,600° C. 

SiC does not have the good thermal 
conductivity and high-temperature po- 
tential of graphite, but among oxida- 
tion-resistant materials it is one of the 
best thermal conductors and has good 
thermal-shock resistance (1). At 
NDA, SiC-clad UO, was tested. Fab- 
rication at 2,000° C caused some USis; 
to form and caused some fuel diffusion 
to the surface. Low-temperature ir- 
radiation and subsequent heating at 
1,370° C showed the release of ~6% of 
the gamma activity. 

Alumina has excellent oxidation re- 
sistance and does not react with UOz 
(1). Its thermal conductivity and 
shock resistance are not as good as 
those of SiC or BeO. A1.03-clad UO2 
samples, pressed and sintered at 
1,750° C, exhibited no visual change 
or fuel diffusion after 120 hr at 1,370° C. 
With low-temperature irradiation and 
postirradiation heating at 1,370° C, 
activity loss was 0-2%. 

Fuel plates were clad with 30% 
Al,0;-70 % Cr cermet at Oak Ridge (1). 








Impreg- <Admizture 
nated (Nat'l. 
(Sylcor) Carbon) 
Particle size 
(microns) ~1 ~100 
Irradiation 
temp. (°F) 1,200 1,200 
U2 burnup (% 114 11g 
Fissions/cm* of 
matrix 5.8 X 10% 5.8 X 1018 
Volume shrink- 
age (%) 1 14 
Surface hard- 
ness Increased Increased 
Compressive 
strength Increased Increased 
Impact 
strength Unimpaired Unimpaired 








Reactor* 


Capital Operation Fuel 








225-Mw(e) GCR 70% 9% 21% 
100-Mw(e) SGR 51% 11% 38% 
150-Mw(e) OMR 36% 12% 52% 
150-Mw(e) PWR 51% 14% 35% 

* Reactor types: GCR = gas-cooled, 


SGR'= sodium-graphite,OMR = organic- 
moderated, PWR = pressurized-water. 
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Reactor data 


Reactor type* GCR BWR PWR SGR SGR_ SGR F. Br. 
Fuel UO, UOz. UOz UO, UO U-10 Mo U-10 Mo 
Clad 8.8. Zircaloy 8.8. 8S. 8S. SS. Zirconium 
% U2 2.0 26 36 3.1 3.5 27 
Avg. burnup (Mwd/ton) 7,400 10,000 10,000 11,000 13,700 5,000 10,000 
Fuel-cycle cost [mills/kwh(e)] 

In-core inventory 0.8 0.4 0.6 0.8 0.7 1.0 1.4 
UF, conversion ho 5 0.4 0.8 

Fabrication ~~ poe F518 “OS is § ¢€3s 2.4 
Ex-core inventory 0.1 0.3 0.7 

U recovery 03 0.4 0.4 0.5 0.6 0.8 1.6 
Fuel burnup 19 8.4 23 2232 38 2.4 a1 
Shipping 03 0.3 0.2 0.4 

Total 3.6 4.9 5.1 5.2 4.6 6.4 7.5 





* Reactor types: GCR = gas-cooled, BWR 


= boiling-water, PWR = pressurized-water, 


SGR = sodium-graphite, F. Br. = fast breeder. 





A plate was irradiated at ~1,000° C 
and 150 watts/in* to 14.7 % U2** burnup 
for 2,800 hr. Fission-gas evolution 
was 5 X 10-°% of the available Xe!** 
and 9.3 X 10-*% of the available Xe!*>, 
Some porosity developed in the clad- 
ding, and a thin surface layer of Cr2O; 
formed. The plate did not crack or 
rupture. 

BeO has good thermal conductivity 
and shock resistance compared with 
other oxidation-resistant materials (1). 
Tubes (114-in. o.d., 1-in. id., 1 in. 
long) clad with highly dense (99.5% of 
theoretical) BeO have been thermally 
cycled to 1,000° C and irradiated with- 
out mechanical damage. 

MgO has a high melting point, oxida- 
tion resistance and low thermal-absorp- 
tion cross section but poor thermal con- 
ductivity and shock resistance (1). 
Los Alamos reports that 40-80% of fis- 
sion products that form low-stability 
oxides (I, Te, Sb, Pd, Ag, Sn, Cd, As) 
diffused in 240 sec at 1,950° C, while 
<10% of Zr, Ba and Mo diffused. 

After low-temperature irradiation of 
34% MgO-66% Ni cermet, 0.2-0.3% 
of the fission-product activity diffused 
during reheating at 1,000° C for 24 hr 
(1). 


LOW-TEMPERATURE FUELS 


Calder Hall fuel elements have per- 
formed satisfactorily—6 failures and 16 
suspected failures out of the first 50,000 
(4). Most of the failures have been 
attributed to small manufacturing de- 
fects. Most of the suspected failures 
were detected by small, slowly develop- 
ing leaks. It is believed that slight 
intergranular cavitation in the can wall 








Cluster size (no. rods) 19 37 61 
UO, diameter (in.) 0.50 0.43 0.36 
No. of clusters in core 243 135 84 
Enrichment (% U**5) 3.5 3.5 3.5 
Average burnup (10* 

Mwd/ton UO:) 11.1 16:2 9038 
UO: loading (10* lb) 56 40 26 
Cluster fabrication 

cost* (10° $) 10.9 14.2 17.3 
Initial loading cost 

(10% $) 2,650 1,920 1,450 
Annual inventory cost 

(10% $) 410 290 190 
Annual fuel-fabrica- 

tion cost (10° $) 630 680 830 
Total fuel-cycle cost 

[mills/kwh(e)] 4.97 4.92 5.12 


* Includes UFs-UO: conversion, material 
and labor, scrap recovery and shipping. 





provided a leak path for the coolant— 
apparently because of grain size and 
plastic deformation. In the newer 
fuel elements, this will be avoided by 
grain sizes smaller by a factor of 5— 
giving much higher ductility—and re- 
designing to avoid strain concentration 
in the can wall. 

Unexpectedly, a number of irradi- 
ated Calder elements had small bulges 
(2-3 mm high and 1-2 cm in diameter) 
containing beta uranium hydride and 
uranium oxide. Hydride formation in 
the reactor would be troublesome be- 
cause, in the event of can puncture, hot 
CO. would react rapidly with the 
hydride. Fortunately, it was dis- 
covered that the hydrides formed by 
corrosion in the cooling pond. 
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To meet higher temperature and 
burnup conditions, new magnox ele- 
merits are designed to accommodate a 
20% volume increase (4). Tests have 
shown the heat-transfer properties of 
the new designs to be unaffected by 
this much swelling. 

French test reactor. The third fuel 
loading of the French EL-3 test reactor 
has the same general configuration as 
the first two (6). The fuel element is a 
eylinder of U-10 wt% Mo with 1.6% 
enriched U. Dimensions are 29.5-mm 
o.d., 22-mm i.d., 320 mm long. It is 
closed at the ends with 3-mm-thick 
pellets of 10 wt% Mo-nat U and 
sheathed by 1.05-mm-thick A5 Al by 
mechanical strain bonding. Alumi- 
num plugs at the ends are machined to 
join adjoining elements. All fuel welds 
were made by vacuum electron-beam 
welding—the first use of this technique 
onan industrial scale. Noswelling nor 
cladding defects have been observed 
after 2,000 Mwd/ton; expected life is 
at least 3,000 Mwd/ton. 


FUEL-CYCLE COSTS 


The contribution of the fuel cycle to 
electrical-power costs is difficult to cal- 
culate because of the lack of perform- 
ance data. With this reservation, R. 
Gordon (7) offered the following 
estimates. 

As shown in Table 3, fuel costs are 
20-50% of total power cost. The 
three major items in fuel-cycle costs are 
(1) interest charges and fuel burnup, 
(2) fabrication and cost of materials, 
and (3) processing of spent fuel. 

Table 4 gives fuel-cycle costs for two 
fuel materials. These are gross costs 
from which a plutonium credit is de- 
ducted in determining net fuel costs. 
Lower burnup than those used here 
will result in sharply increased costs 
(see illustration, p. 100). 

The same general relationship be- 
tween burnup and fuel cost holds for 
fuels other than UO». In the range of 
interest, over-all fuel costs vary roughly 
inversely as the square root of the 
burnup. 


Fuel Materials 


Some promising fuels are UOz for 
water-cooled reactors, U-Mo alloy for 
sodium- and organic-cooled reactors 
and UC for sodium- and gas-cooled 
reactors. 

Total fabrication costs for UOe fuel 
are $80-180/kg of uranium, depending 
on clad and geometry. U-Mo fuel of 
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similar low enrichment is $30—70/kg. 
However, since the peak burnup capa- 
bility of UO, is thought to be >20,000 
Mwd/ton, estimated costs are lower 
than for the alloy, which has a burnup 
capability of ~10,000 Mwd/ton. Fab- 
rication costs of UC will probably fall 
between those of uranium and UOs. 


Fuel Design 


To show the effect of design, Table 5 
gives the costs for a series of stainless- 
steel-clad UO. rod clusters for a 75- 
Mw/(e) sodium-graphite reactor. As 
the rod diameter decreases, more rods 
are required per cluster, increasing 
cluster fabrication cost. However, the 
total fabrication cost for the initial core 
decreases with rod number. On the 
other hand, the more frequent refueling 
of the smaller cores increases cost. 
This example illustrates the pitfalls in 
not considering the whole fuel cycle. 


Fabrication 


Lower costs should follow from the 
adoption of more reasonable quality 
standards, where shown acceptable by 
operating experience. As an example, 
a comparison of wrought and cast 
metal slugs is given in Table 6. 

Another means of reducing fabrica- 
tion costs was pointed out by H. Haus- 
ner (8). Greater standardization of 
designs, particularly in the area of re- 
search reactors, would eliminate retool- 
ing and development costs. 


Fuel Reprocessing 


To reduce reprocessing costs, develop- 
ment has been under way on nonaque- 
ous reprocessing and remote refabrica- 
tion of fuel elements. Reprocessing 


costs for UO and uranium metal are 
given in Table 7—uncertainties make 






Cost ($/lb) 





Operation Cast Wrought 
UF,—derby 2.34 
UF,— ingot 4.31 
Derby—slug 7.54 
Ingot—slug 10.75 
Scrap recovery 2.54 4.85 
Shipping . 66 86 
Interest charge (4%) 6.50 7.50 
Total $19.58 $28.27 





* Costs based on 2.5% U2*5, 








Costs (mills/kwh) 











U metal* UO.* 
Cost item Aq. Pyro. Aq. Pyro. 
Inventory 
In-core 0.58 0.58 0.75 0.75 
Ex-core 0.67 0.54 0.31 0.25 
Burnup 2.81 2.38 
Re-enrich, 
make up 1.40 1.35 
Pyroprocess— 
and cast 0.49 
and granulate 0.29 
Solvent extr. 1.12 0.49 
UF;,-U slug 0.87 
UF,-UO; pellet 0.49 
UO, pellet 0.21 0.27 
Fabrication 0.44 0.55 0.25 0.31 
Scrap recovery 0.25 0.13 0.03 0.12 
Shipping 0.60 0.50 0.18 0.15 
7.34 5.09 
0.88 


Net Pu credit 1.11 


6.23 4.19 4.21 3.49 





Total 





* Fuels are 2.5 %-enriched uranium metal 
with average burnup of 3,000 Mwd/ton and 
3.5% enriched UO: with average burnup of 
10,000 Mwd/ton. 





these figures very tentative. They in- 
dicate that the potential saving with 
pyroprocessing is greatest for low- 
burnup fuels. 

* * ox 


The proceedings of the First International 
Symposium on Nuclear Fuel Elements, on 
which this article is based, are to be published 
in book form later this year. The generous 
help of H. H. Hausner, secretary of the 


Symposium, which greatly facilitated the 
preparation of this article, is gratefully 
acknowledged. 
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FIG. 1. Phase relationships of sys- 
tem UO.-U;O; (2) 


SINTERED URANIUM DIOXIDE promises 
to be a most satisfactory fuel for many 
types of power reactors. Its advan- 
tages include: 

1. High melting point 

2. Chemical stability with most reac- 
tor coolants 

3. Compatibility with a wide variety 
of sheathing materials 

4. Ease of fabrication to high densi- 
ties 

5. Anisotropic structure stable under 
irradiation at core temperatures ap- 
proaching the melting’ point 

A disadvantage is its low thermal 
conductivity. Fortunately, however, 
the thermal conductivity in operating 
fuel elements appears to be little re- 
duced even after long irradiation. The 
release of fission gas may impose a 
limitation on future fuel-element de- 
signs, but there are not sufficient data 
available to say this with any certainty 
at present. 

Recent data on chemical and physi- 
cal properties, fabrication and irradia- 
tion behavior of UO2 are reviewed in 
this article with the emphasis on those 
that aid in establishing the conditions 
required for the fabrication and oper- 
ation of an economic fuel of predictable 
performance. 
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Current Trends in Reactor Fuels—2 





UO—Fabrication 


and Properties 


Thermal and irradiation stability make uranium 


dioxide a popular contender as a reactor fuel. 


However, uncertainties exist in such areas as the 


most economic fabricating methods, thermal 


conductivity and fission-gas release 


By O. J. C. RUNNALLS, Atomic Energy of Canada Limited 


Chalk River, Ontario, Canada 


Properties of UO, 


The properties of uranium oxides 
have been extensively reported (1-3). 
Only those properties that are of special 
interest in the design of fuel elements 
will be referred to here. 

Composition range. The phase re- 
lationships of the system UO.-U;0s (2) 
are summarized in Fig. 1. The phase 
boundaries appear to be reasonably 
well established in the UOz to UO, 
region, although Roberts et al. (7) re- 
ported that the UO2,, phase extended 
to at least UO2.2s at 1,077° C, in marked 
disagreement with Fig. 1. The com- 
position limits of the U;0s phase are 
still in some doubt (2). 

The tetragonal U;0; phase, which is 
formed by the oxidation of UO2 powder 
or pellets below 300° C, is not shown in 
Fig. 1 because it appears to be a non- 
equilibrium structure. For example, 
samples in the composition range from 
UO2.00 to UOe.25, which consisted of a 
mixture of cubic and tetragonal phases, 
transformed to cubic UOs and U,sO, 
after four months at 140° C (8). 

The calculated density of UO2.00, de- 
termined from Gronvold’s measured 
lattice constant of a = 5.4704 A, is 
10.96 gm/cm’ (4). Cubic UO, has a 


higher calculated density, 11.30 gm/ 
em, indicating that the excess oxygen 
atoms are accommodated interstitially 
in the UO.-like structure (6). From 
Gronvold’s high-temperature studies 
on the UOz,, phase, where it was ob- 
served that the lattice constant de- 
creased when the O/U ratio was in- 
creased, a similar conclusion can be 







y (w/em/°C) 


2 


Thermal Conductivit 


800 1,200. 
Temperature (°C) 


FIG. 2. Thermal conductivity of UO» 
corrected to theoretical density, assum- 
ing linear dependence of conductivity 
on porosity 
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drawn; i.e., the excess oxygen atoms 
must occupy interstitial positions. 
This is confirmed by magnetic suscepti- 
bility and electrical conductivity meas- 
urements, and by a comparison of 
chemical, X-ray and densimetric 
analyses (3). 

Chemical stability. UO:2 powder is 
readily oxidized by air, even at room 
temperature. The extent of oxidation 
depends on the particle size and on the 
surface area exposed. 

According to Anderson et al. (9), 
room-temperature oxidation proceeds 
until the outer 50 A is oxidized, the 
oxygen absorbed being 0.8 cm’ at NTP 
per square meter of surface exposed. 
Finely divided powders with particle 
sizes of 0.1 uw, such as are obtained by 
the hydrogen reduction of ammonium 
diuranate at 900° C, oxidize to a 
composition approaching UO:..5 after 
standing for one month in air at room 
temperature (10). Coarser powders 
(1 uw) are much more stable, oxidizing to 
only UOe.o2 under similar conditions 
(11). Once UO: powder has been sin- 
tered, at say 1,650° C in hydrogen, its 
oxidation rate becomes immeasurably 
Thus, sintered UO: pellets may 
be stored for long periods in air at room 
temperature with no fear of oxidation. 

Sintered UO: is stable in deoxygen- 
ated, high-temperature water. Pellets 
showed only a slight dulling of their 
surfaces after more than 300 days of 
exposure in degassed water at 343° C 
or steam at 400° C at neutral or high 
pH (2). When 1-3 cm? of O2/kg was 
added to the water, however, a loose 
scale of hydrated oxide (UO;-0.8H:20) 
formed, and the pellets lost ~15% of 
their weight after an exposure of 8 days 
at 343° C. 

In water-cooled power reactors, 
traces of hydrogen are likely to be pres- 
ent in the coolant stream due to the re- 
action of the water with structural 
metals. Thus, UOs2 should be stable 
in such systems. However, a steep 
temperature gradient will exist across 
the oxide radius, and if a hole or defect 
should develop in the cladding of a fuel 
element, the hot oxide core could be 
exposed to steam. Aronson’s calcula- 
tions (12) indicate that the core of such 
an element, operating near the melting 
point, could oxidize to UO2.1s to UOe. 5. 
Direct evidence (13) indicates that 
stoichiometric UOz irradiated in a de- 
fective sheath may, in fact, increase in 
0/U ratio. A sample of oxide from a 
defected irradiated rod, initially stoi- 
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slow. 


chiometric, was found to have a post- 
irradiation average composition of 
UOe.o¢.. Recent Chalk River tests con- 
firmed this phenomenon. For exam- 
ple, a sample of oxide from the outer 
cooler region of a swaged, purposely 
defected rod changed from UOs.o9 to 
UOz.2: during irradiation in a pressur- 
ized-water loop. As will be indicated 
later, an increase in O/U ratio may 
have a deleterious effect on the irradi- 
ation behavior of UOs. 

The chemical stability of UOe in 
other coolants has been studied. The 
oxidation rate of UO2 in CO2 has been 
measured at 500°-900° C (14). The 
UOz was much less reactive than U 
metal. At 700° C, the weight gain of 
sintered UO, pellets of density 9.6 
gm/em* was 0.008 mg/cm?/hr com- 
pared with 400-560 mg/cm?/hr for U 
metal. Thus, there should be little 





FIG. 3. Effect of O/U ratio on thermal 
conductivity of UO». at 60° C (27). 
O—UO:;, initial density 10.3 gm/cm', 
sintered in He at 1,650° C, oxidized at 
900° C in 2-cm-Hg Oo; A—UO, + 
0.1% TiOs, initial density 10.2 gm/cm', 
sintered in Hy at 1,650° C, oxidized 
at 900° C in 2-cm-Hg Ov; O—UOs,, 
density 10.6 gm/cm’, sintered in steam 
at 1,400° C, cooled in steam 


worry about the compatibility of UO, 
with COs, unless there is an appreciable 
increase in the reaction rate in an irradi- 
ation field. 

Judging from thermodynamic data, 
UO: should also be stable in liquid 
sodium. There is some evidence (16) 
that high-density stoichiometric mate- 
rial is compatible with Na or NaK at 
600° C. 

Sintered UO: pellets are compatible 
with many sheathing materials. No 
appreciable reaction occurs between 
zirconium and UO: below 700° C (16). 
Little reaction occurs between UO: and 






Mean coeff. of 








Temp. range _ linear expansion 
(° C) (10-8/° C) Ref. 
20- 720 11.5 34 
20— 946 10.8 6 
27— 400 9.0 
400— 800 11.0 35 
800-1,260 13.0 
400— 900 10 33 
aluminum below 500° C (17). No 


solid-state reaction has been found be- 
tween solid UO: specimens and beryl- 
lium or stainless steel at 600°-700° C 
(11). Sintered UOsz pellets in contact 
with graphite plates do not react ap- 
preciably after a 10-hr heating in argon 
up to 1,500° C (18). 

Change in volume on melting. The 
limitation on central temperature in a 
UOz fuel element has not yet been 
established. Many designers have set 
the melting-point temperature as a 
limit until irradiation experiments yield 
experience on the use of elements with 
molten cores. Several values for the 
melting point of UOz have been pub- 
lished: 2,176° C (19), 2,500°-2,600° C 
(20), 2,878 + 22° C (21), 2,405 + 22°C 
(22), 2,760 + 30° C (23) and 2,860 + 
45° C (24). It seems reasonable to 
favor a value near 2,800° C as the true 
melting point. 

It would be useful to know if UO: ex- 
pands appreciably on melting to deter- 
mine what void space should be pro- 
vided in case the melting point is 
exceeded. Two measurements are un- 
der way in which UO; will be melted in 
a solar furnace (25) and a carbon-elec- 
trode arc furnace with a water-cooled 
copper hearth (26). In both experi- 
ments, high-speed motion-picture 
cameras will record the solidification of 
a molten drop of UOs:. 

Thermal conductivity. Unfortu- 
nately, UO2 has such a low thermal con- 
ductivity that the advantage of its high 
melting point is largely offset. How- 
ever, much work remains to be done 
before the thermal conductivity of 
operating UO, fuel elements can be pre- 
dicted with certainty, as indicated by 
the conflicting data plotted in Fig. 2. 

Many thermal-conductivity meas- 
urements have been made on sintered 
UO: in recent years (Fig. 2). Note 
that values differing by a factor of 
more than two have been obtained on 
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FIG, 4. Dependence of fn(xa) on UO2 
diameter and enrichment for 95% 
dense, solid oxide cylinders (60) 


unirradiated UO, at temperatures be- 
low 200° C. In the range applicable 
to operating fuel elements, i.e., above 
400° C, the difference is only 30%. 
However, a 30% uncertainty in the 
thermal conductivity results in a much 
larger uncertainty in calculated fuel- 
core temperatures, as is evident from 
Fig. 6. 

Recently, Eichenberg (32) measured 
the center temperature of an assembly 
of UOz pellets clad in stainless steel 
during irradiation in the Materials 
Testing Reactor. The pellets had been 
prepared from thermally decomposed 
uranyl nitrate by cold-pressing and 
sintering in hydrogen, the same process 
used for the Shippingport reactor fuel. 
Values of the effective thermal conduc- 
tivity required to produce an observed 
UO: central temperature of 150°-600° C 
were calculated and are shown in Fig. 2. 
The calculated results are about a fac- 
tor of three lower than the corrected 
Kingery data of Fig. 2 (28). 

Ross (27) has measured the thermal 
conductivity of stoichiometric UO: pel- 
lets at 60° C after irradiations up to an 
integrated thermal-neutron flux of 2 X 
10'°n/cm?. The pellets were prepared 
by cold-pressing and sintering UO, 
powder prepared by the hydrogen re- 
duction of ammonium diuranate. The 
maximum central temperature in the 
pellets during the irradiation did not 
exceed 500° C. The measurements 
were made on a divided-bar type of 
comparative-heat-flow apparatus using 
Zircaloy-2 probes. Only a small de- 
crease in thermal conductivity, ~25%, 
was observed after an irradiation of 
9 X 10'7 n/cm?. Longer irradiations 
produced no further significant change. 
Additional measurements for shorter 
irradiations are under way to determine 
the irradiation level at which the de- 
crease occurs. 
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There is a marked disagreement be- 
tween Eichenberg’s results and those 
of Ross. Itis possible that the thermal 
conductivity of UO: in a neutron flux 
is appreciably lower than postirradi- 
ation measurements indicate because of 
point defects, which might anneal out 
when the irradiation ended. Fuel-ele- 
ment tests described later do not sup- 
port such a hypothesis, however. 

Several laboratories have reported 
that a threefold decrease in thermal 
conductivity at 60° C can be produced 
in UO: pellets by increasing the O/U 
ratio above stoichiometric by 8% (3, 
15, 27). On the other hand, Thack- 
ray’s values for hot-pressed UOz,13 over 
the temperature range 100°-600° C (33) 
were essentially the same as the cor- 
rected values of Kingery et al. (28) for 
stoichiometric UO» Measurements 
by Ross (27) are given in Fig. 3. The 
conductivity of 0.017 w/em/°C deter- 
mined for the steam-sintered sample 
approaches the theoretical lower limit 
of 0.015 w/cm/°C for the UO: lattice 
determined by Kingery (3, 32). It 
is not yet known whether a compar- 
able decrease in conductivity occurs 
with increased O/U ratio at higher 
temperatures. 

Some of the apparent discrepancies 
in thermal-conductivity measurements 
may be due to variations in the fabrica- 
tion technique. For example, the con- 
ductivity of stoichiometric UO; pellets, 
prepared by steam-sintering at 1,400° C 
followed by hydrogen-cooling, is 25% 
lower than for those that were also 
steam-sintered but annealed in hydro- 
gen before cooling. 

Much work remains to be done be- 
fore the thermal conductivity of oper- 
ating UO, fuel elements can be pre- 
dicted with certainty. ‘ 

Thermal expcnsion. The several 
published values for the linear thermai- 
expansion coefficient of UO: are in rea- 
sonable agreement (Table 1). Murray 
and Livey (33) reported that the bulk 
density and O/U ratio had little effect 
on the thermal-expansion coefficient. 


Fabrication of UO, 


UO. compacts can be fabricated from 
a variety of starting powders by con- 
ventional ceramic processes such as 
cold-pressing, extrusion, slip-casting 
and isostatic-pressing. Dense bodies 
can be produced from the compacts 
by sintering at 1,300—-2,000° C. Other 
fabrication methods include rotary- 
swaging and loose compaction of pow- 





der in metal sheaths and hot-pressing 
in metal or graphite dies. 

These processes are detailed in the 
following discussion. 

Powder preparation. UO: powder 
can be prepared by the hydrogen reduc- 
tion of several compounds, e.g., UO,, 
UO; hydrates, U;0s, ammonium di- 
uranate, uranium oxalate and uranium 
peroxide, and by steam oxidation of 
uranium hydride or uranium metal. 
UO: powders prepared by different 
methods show wide variations in physi- 
cal characteristics such as surface area, 
particle density, porosity distribution 
and crystallite size (2, 36-39). Such 
variations have a marked effect on the 
sinterability of the powder as illus- 
trated in Table 2. 

Pellets with densities above 10 gm/ 
cm? can be produced from the least sin- 
terable powder shown in Table 2, how- 
ever, if high compacting pressures and 
long sintering times are used. The first 
oxide charge for the Shippingport reac- 
tor, for example, was prepared by com- 
pacting UO, powder obtained from 
Mallinckrodt at 250,000 psi and sinter- 
ing for 8 hr in hydrogen at 1,675° C (41). 
The pellets varied in density from 10.2 
to 10.4 gm/cm‘. 

Powders of low sinterability can be 
activated by wet-ball-milling before hy- 
drogen reduction as shown in Table 2. 
A simpler, more economic method is to 
grind UO; powder to particle sizes less 
than 1 micron in a fluid-jet mill and 
then to reduce in hydrogen. Pellets 
with densities up to 10.7 gm/cm’ have 
been produced from such powder after 
pressing at 40,000 psi and sintering for 
1 hr at 1,625° C (39). 

Many laboratories have investigated 
the effects of chemical additives to pro- 
mote more rapid sintering of UOs. 
Canadian workers have verified the 
many earlier reports on the effective- 
ness of a 0.1% TiOz addition and have 
found that 0.4% Nb.O; has an even 
larger effect (39, 42). 

The preparation of UOz powder via 
the ammonium diuranate (ADU) route 
has been extensively investigated (10, 
39, 43). A reproducible ADU powder 
was made by the batch precipitation of 
ADU from urany] nitrate solution (ura- 
nium concentration of 100 gm/I at 
60° C) by the rapid addition of concen- 
trated, aqueous ammonium hydroxide 
until a pH of 9 wasreached. The ADU 
was filtered, washed with water and 
oven-dried in air at 200° C. Higher 
uranium concentration, slower precipi- 
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tation rate or different pH yielded a 
UO; product that sintered to a lower 
density. When the precipitation was 
earried out by continuously mixing two 
liquid streams, however, the only vari- 
able that affected pellet density appre- 
ciably was the pH of the mixed solu- 
tions; the optimum pH was 7-8. For 
conversion to UO», the ADU was loaded 
in trays to a depth not exceeding 2 in. 
and reduced in hydrogen for 1 hr at 
900° C. The resulting pyrophoric 
powder was cooled to room tempera- 
ture in hydrogen and stored in carbon 
dioxide for 1-2 hr, after which it could 
be handled and stored in air. After 30 
days’ storage in air, the O/U ratio in- 
creased to 2.25. 

Several tons of UO2 powder have 
been produced by Eldorado Mining 
and Refining by both batch and con- 
tinuous precipitation. Sintering tests 
for 1 hr at 1,625° C on many samples 
pressed at 40,000 psi have consistently 
produced pellets of 10.4-10.6 gm/cm'. 





Pe eee ke 
"TABLE 2—§ 
Sintered 
Source of density 
UO: Preparation (gm/cm*) 
Mallinck- Pyrolysis of 7.8 
rodt uranyl] nitrate 
hexahydrate 
(UNH) to UOs, 
H, reduction 
Shattuck Believed similar 8.6 
to Mallinckrodt 
National Believed similar 9.1 
Lead to Mallinckrodt 
Eldorado Pyrolysis of 9.2 
Mining UNH to UO;, 
& Refin- H, reduction 
ing 
Eldorado _‘ Pyrolysis of 10.3 
Mining UNH to UOs;, 
& Refin- UO; hydrated by 
ing wet-ball-milling, 
H, reduction 
U.K.AEA, Precipitation of 10.6 
Spring- ammonium di- 
fields uranate (ADU) 
from UNH, He 
reduction 
Mines Precipitation of 10.1-10.7 
Branch, ADU from UNH, 
Ottawa Hb reduction 
AECL, Precipitation of 10.4-10.6 
Chalk ADU from UNH, 
River H, reduction 


* All pellets cold-pressed at 40,000 psi 
and sintered for 30 min at 1,700° C in 
hydrogen. 
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Although UO; pellets of the quality 
required for fuel elements can be pre- 
pared from “‘ceramic-grade’”’ powders 
at relatively low compacting pressures 
and sintering times, it is still not certain 
whether these will be less expensive 
than pellets made from less sinterable 
powders. For example, the Eldorado 
Company is marketing ‘standard- 
grade” UO», prepared by the hydrogen 
reduction of UO;-2H.0 in a moving- 
bed furnace, for $1.15/lb less than 
ADU-type UOe (44). A careful cost 
analysis for each specific fuel geometry 
would be required to indicate whether 
the cost advantage of such cheaper 
powder would be offset by the larger 
investment in compacting equipment 
and lower furnace throughput. 

ADU-type UO: powder, made as de- 
scribed, offers some advantage for more 
economic fuel production in that it can 
be cold-pressed without an organic 
binder. It is necessary to apply a lub- 
ricant such as stearic acid to the die 
walls during the pressing operation to 
obtain crack-free compacts, which can 
then be charged directly to the sinter- 
ing furnace without the presintering 
treatment normally used for binder 
removal. 

Method of compaction. The most 
common method used for preparing 
UO: compacts is dry-pressing in hard- 
ened-steel or tungsten-carbide dies. 
Usually, an organic binder such as par- 
affin wax, polyethylene glycol or cam- 
phor is added to increase the green 
strength of the compact during subse- 
quent handling. A small amount of 
stearic acid, 0.2-0.4 wt%, is often 
added as a die lubricant (39). 

The extrusion process (37, 45) may 
offer some advantage where a large 
length-to-diameter ratio is required or 
for fabricating large-diameter tubes of 
UO:, but no fabricator has yet chosen 
the technique in preference to auto- 
matic dry-pressing. Other possible 
processes such as slip-casting, isostatic- 
pressing and hot-pressing have also 
been rejected up to now. 

The compaction of UOz powders in 
metal sheaths by rotary-swaging has 
been investigated extensively at Han- 
ford (37, 46) and at Chalk River (39, 
47). In both laboratories it was found 
that, of the many powders evaluated, 
arc-fused UO, could be compacted at 
room temperature to the highest den- 
sity, about 10 gm/cm', in either 
Zircaloy-2 or stainless-steel sheaths. 
Much lower densities were obtained 


when powders with high surface area, 
such as ADU-type UO, were used. In 
the Hanford experiments, higher densi- 
ties resulted when the oxide was swaged 
hot at 600° C (46). 

At first sight, swaging promises a 
cheaper method of fabrication than 
the conventional sintered-pellet route. 
However, the swaging of fuel elements 
with a high ratio of diameter to sheath 
thickness may not be economically 
feasible. _It seems inevitable that the 
trend in fuel-element development will 
be to decrease the sheath thickness to 
the minimum permitted by fabrication 
and irradiation experience. As an ex- 
ample, the diameter/sheath-thickness 
ratio of the UO: fuel elements in the 
Shippingport reactor is 18/1 (41), 
whereas the target in the Canadian 
NPD-2 reactor is 40/1. Recent tests 
at Chalk River, with a ratio near the 
latter value, have shown that small 
cracks had formed on the inside surface 
of the Zircaloy-2 tube during swaging 
after a reduction in the element cross- 
sectional area of only 20%. One such 
element, which had been reduced 48% 
in area at 400° C to 0.8-in. outside di- 
ameter and 0.025-in. sheath thickness, 
was irradiated in a pressurized-water 
loop in the NRX reactor and split open 
immediately upon reactor startup. 
One end of the swaged specimen, which 
had been cut off, was metallographi- 
cally examined, revealing cracks on the 
inside Zircaloy-2 surface up to 0.002 in. 
deep. As a result of such experience, 
swaged UO; has been rejected as a first 
charge for the NPD-2 reactor. Efforts 
are continuing, however, to determine 
if an economic process incorporating 
intermediate annealing steps can be 
evolved to produce crack-free sheaths. 

The loose compacting of UO2 powder 
in a fuel sheath is simple in concept, 
but, thus far, no method has been found 
to exceed a packed density of 8-9 
gm/cm‘*, 

Sintering method. Ceramic-grade 
UO; can be sintered to densities above 
10 gm/cm! in neutral or oxidizing at- 
mospheres at temperatures 300°—400° C 
lower than in reducing atmospheres. 
In Thackray and Murray’s early work 
(48), for example, it was found that 
with an ADU-type oxide of composi- 
tion UOz.:3, after pressing at 20,000 psi, 
a density of 10 gm/cm* was reached 
after 30 min in argon at 1,400° C. 
Belle and Lustman (2, 3) have con- 
cluded from their studies on self-diffu- 
sion kinetics that densification in an 
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oxidizing atmosphere occurs by the dif- 
fusion of the more mobile, excess oxy- 
gen ions, whereas in a reducing atmos- 
phere a plastic or viscous flow model is 
probable. The effect of excess oxygen 
on the sinterability of UO. was well 
demonstrated in Scott and Williams’s 
work on warm-pressing of UO: (49), 
where it was found that fine, nonstoi- 
chiometric powders could be compacted 
in metal dies to densities above 10 gm/ 
cm’ in 10 min at 800° C and 20,000 psi. 
When the excess oxygen was removed 
from the UO: lattice by the addition of 
powders such as iron or uranium, the 
densification was inhibited. 

The steam-sintering of wet-ball- 
milled UO: has been studied by Aren- 
berg and Jahn (50). To achieve high 
densities, the compacts were heated in 
Hz to 1,400° C before introducing a 
steam atmosphere. Chalder (40), on 
the other hand, has reported that, with 
ADU-type oxide, the complete cycle of 
heating, sintering at 1,300°-1,400° C 
and cooling can be carried out in steam. 
The resulting pellets of 10.5-10.6 gm/ 
cm? density usually are near UOse.15 in 
composition. 

The major difficulty with low-tem- 
perature sintering is that the product 
is nonstoichiometric, unless a hydrogen- 
cooling step is introduced. Stoichio- 
metric oxide is preferred as a reactor 
fuel for reasons that will be discussed 
in the later section on irradiation be- 
havior. If hydrogen-cooling is a proc- 
ess requirement, it is not clear that 
there is any economic advantage over 
sintering in a continuously stoked fur- 
nace in a hydrogen atmosphere at 
1,600°-1,700° C. 

Although it may be fortuitous, most 
manufacturers prepare UO: pellets 
from a “ceramic-grade” powder of 
high surface area in continuous rather 
than batch-type furnaces and in an 
atmosphere of dry hydrogen or cracked 
ammonia. Runfors et al. (61, 52) have 
reported, however, that the sintering 
temperature can be lowered about 
100° C if the hydrogen is first saturated 
with moisture at room temperature, 
although the effect of the moist atmos- 
phere on furnace life has not been 
established. 


Sheathing 


The important requirements for a 
fuel-element sheath are low neutron- 
capture cross section, good mechanical 
properties at working temperatures, 
high corrosion resistance in the hot cool- 
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FIG. 5. Zircaloy-2 clad UOz rod (0.56- 
in. diameter) from CR-V-e test after ir- 
radiation of 7,000 Mwd/tonne U with 
surface temperature of 400° C 


ant and compatibility with the core. 

For economic water-cooled reactors 
fueled with UOs, a zirconium alloy 
would appear to be the most suitable 
material. Stainless steel would be ac- 
ceptable but for its high neutron-cap- 
ture cross section. Aluminum-nickel 
alloys are not likely to compete with 
zirconium because of lower strength 
and lower neutron economy (53). For 
sodium-cooled systems, also, zirconium 
alloys may prove to be the best choice. 
In organic liquids, however, zirconium 
alloys are attacked by the hydrogen 
that is liberated when the coolant is ir- 
radiated. The most suitable material 
immediately available for organics at 
temperatures near 400° C is stainless 
steel. Stainless cladding is also likely 
to be used in several CO--cooled reac- 
tors now being designed, at least until 
beryllium technology progresses. 

The most common design of UO: fuel 
element is typified by the first loading 
for the Shippingport reactor (41). The 
fuel assemblies consist of a bundle of 
small round rods, each rod enclosing a 
stack of right-cylindrical sintered pel- 
lets. The clearance between the pel- 
lets and the sheath is so specified that 
the pellets can be loaded easily into the 
tubes but will expand into near contact 
with the sheath when heated in the re- 
actor. Other geometries being devel- 
oped include a nested tubular type for 
the Plutonium Recycle Test Reactor 
(87) and a plate type for the second 
loading of the PWR (41). A rod-type 
element was chosen for the first loading 
of NPD-2 because of the satisfactory 
results that had been obtained from ir- 
radiation tests on such a geometry and 
because of the inherent stability of a 
cylindrical sheath when subjected to an 
internal pressure. 












The effect of external pressure on 
sheath stability is of major concern, 
particularly in water-cooled reactors 
operating at coolant pressures of 1,000- 
2,000 psi where the fuel has a diameter/ 
sheath-thickness ratio greater than 
30/1. In NPD-2, for example, where 
the pressure is to be 1,100 psi, the pro- 
posed 1-in.-diameter, 0.025-in.-thick 
Zircaloy-2 sheath will deform plasti- 
cally at the maximum operating surface 
temperature of 300° C, forming ridges 
and dimples, if the fuel-sheath clear- 
ance is greater than 0.006 in. in diam- 
eter or 0.15 in. axially. To ensure 
accurate control of the diametral clear- 
ance, the UO: pellets will be centerless 
ground to +0.0005 in. before loading 
into carefully dimensioned sheaths. 
In addition, it is probable that an axial 
clearance of 0.2 in. will be distributed 
along the 18-in. fuel length by fabri- 
cating pellets with concave ends. 

End caps are usually attached to 
UO, fuel elements by fusion-arc weld- 
ing in an inert atmosphere such as 
helium or argon. Resistance seam- 
welding combined with a Heliarc fusion 
weld is being developed to provide a 
double closure for large-diameter, thin- 
walled tubes (37). Electron-beam weld- 
ing has also been studied as an end- 
closure method (54, 55). Since the 
latter process is carried out in vacuum, 
however, the resulting fuel element 
could have poorer heat-transfer proper- 
ties if the oxide does not expand to 
contact the sheath when irradiated. 

If the fuel elements are short, such 
as those used in PWR (41), only end 
spacers are required in the assembled 
bundle. For longer assemblies, inter- 
mediate spacers are normally incorpo- 
rated. These may be wires wound in 
a spiral around the rod, ribs integral 
with the sheath, short lugs welded on, 
or metal grids similar to the type de- 
scribed by Ambartsumyan et al. (56). 


Irradiation Behavior 


Irradiation tests on prototype PWR 
elements clad in Zircaloy-2 have been 
reported at length (57). More re- 
cently, many UO: fuel tests in the NRX 
reactor have been reported. Thus, 
within the past two years, a much 
clearer understanding has been ob- 
tained of the irradiation behavior of 
UO:z. A brief summary of irradiation 
experience, including results from tests 
just completed at Chalk River, follows. 

Effect of heat rating. Lewis (59) 
has pointed out the economic advan- 
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tage of developing a UOs fuel that has 
a high value of the integral 


© max. fuel temp. 
/. k(8) 40 


urface temp. 


where k(@) is the thermal conductivity 
and is a function of the temperature, 6. 
This expression is very useful in fuel 
design (58) to compare the irradiation 
behavior of specimens of similar surface 
temperatures but of differing diameter, 
enrichment, density, heat rating and 
fabrication history. It can be applied 
without information on thermal con- 
ductivity and its variation with tem- 
perature and irradiation, the tempera- 
tures at which grain growth and melting 
occur or the type of sheathing used. 

The integral can be obtained as a 
product of two terms, one determined 
by the measured heat-transfer rate and 
the other a calculated function of the 
specimen’s properties, e.g. 


- k(0) dé = = - fn(xa,r) 

= (q/4m) - fn(xa,r) 
where 

Io(xa) — Io(xr) 
an = 

xa * I;(xa) 
which has the value unity at r = 0 for 
negligible flux depression, hence uni- 
form heat generation; k(@) = thermal 
conductivity of UO: at temperature 
6, T, = temperature at radius r, T, = 
temperature at UO. surface, H = 
sheath-coolant surface heat flux, R = 
radius of outside of sheath, a = radius 
of UOs, q = heat production per unit 
length of fuel, Jo = modified Bessel 
function of zero order, 7; = modified 
Bessel function of first order and x = 
reciprocal of effective diffusion length 
in UOs. 

Morison (60) has expressed the de- 
pendence of fn(xa,r) at r = 0 on UOz 
diameter and enrichment for 95% 
dense, solid oxide cylinders in the con- 
venient form shown in Fig. 4. Thus, 
the computation of the integral has 
been much simplified. 

According to Robertson et al. (58) 
and more recent tests on sintered ADU- 
type UO», cylindrical stoichiometric 
specimens, whose oxide surface tem- 
perature is about 400° C during irradi- 


ation, exhibit grain growth when 
center 
oe k(@) dé exceeds 29 + 3 w/cm. 


Rod-shaped elements irradiated in 
pressurized-water loops at Chalk River 
have exhibited completely satisfactory 
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performance at ratings as high as 50 
w/cem. A cross section of such a rod 
is shown in Fig. 5. Central melting 
would be expected at 55 w/em. 

It was considered useful to plot sev- 
eral irradiation results so that values of 
the integral producing grain growth 
and melting could be predicted for solid 
stoichiometric cylinders with different 
surface temperatures. This has been 


T 
ns k(@) d@ versus 


T, a particular temperature in the fuel, 
asin Fig.6. For any given irradiation, 


Ir k(@) d@ is the differ- 
ence in ordinates for two points defined 
by the temperature limits, 7’, and T. 

The point on Fig. 6 for Pellet Rod ITI 
was determined by measuring the cen- 
tral temperature with a thermocouple 
and by calculating the integral from a 
knowledge of the neutron flux, hence 
the heat output from the rod. 

In plotting the points for the Cana- 
dian specimens showing grain growth 
(CR-V-e, X-2-O, X-2-g and Pellet Rod 
II), values for the integral from the ox- 
ide surface to the observed radius of 
grain growth were determined by a 


done by plotting » 


the value of 





data (57)). 


method similar to that detailed in a 
following paragraph. It was assumed 
that discernible grain growth would be 
produced in the ADU-type UOsz at a 
temperature of 1,500° C (48). When 
no grain growth was discernible in the 
center of an element for comparison 
with the undisturbed outer area, a 
minor change in appearance was diffi- 
cult to detect under the microscope 
used. Hence, the center temperature 
of specimens from CR-V-b and X-2-n, 
where no grain growth was observed, 
may have been as high as 1,600° C. 

The WAPD specimens 25-2-L2 and 
X-1-g5, which also showed no grain 
growth, were made from the less reac- 
tive PWR-grade UOs. Thus, a some- 
what higher temperature limit, 1,700° 
C, has been assumed. Specimens 
X-1-f5 and X-1-g3 showed grain growth 
corresponding to 2,300° C at the maxi- 
mum-flux positions (57). 

The heat outputs from specimens ir- 
radiated in the CR-V and X-2 loops 
were measured calorimetrically, and 
some were checked by mass-spectro- 
metric analyses to determine burnup. 
Published heat fluxes for the WAPD 


a 





FIG. 6. Summary of irradiation tests on UO». [O—Chalk River data; C—WAPD 
Solid curves A, B, C and D are values for thermal conductivity of UO», 


corrected to 95% density, taken from references 28, 30, 31 and 32, respectively; 
dashed lines are extrapolations to 2,800° C 


109 














FIG. 7 


tests (57), corrected for flux gradient 
in the case of the X-1 specimens, were 
used in calculating the integrals. 
Unambiguous melting has been ob- 
served in specimens irradiated in a 
water-cooled facility in the NRX reac- 
tor known as the “hydraulic rabbit,” 
where irradiations of short duration can 
be carried out. A cross section of a 
sintered UO:s specimen, DB, clad in 
Zircaloy-2 and irradiated for 60 sec 
(Fig. 7) indicates clearly the extent of 
melting. The method used to apply 
the observed radius of melting obtained 
from a photograph such as Fig. 7 to the 
graph shown in Fig. 6 is illustrated by 


Fig. 8, where [ x d@ is plotted 


against the fuel radius, r. The curve 
shown applies specifically to specimens 
CR and DB, which were similar in di- 


ameter and enrichment. The oxide 
surface temperature of both was 
calculated to be 250° C. Hence, 


| Bras k(0) d@ is 66 w/em for CR and 
62 w/cm for DB, at the melting tem- 
perature, 7',. Specimen CR was irra- 
diated for only 30 sec. 

Later experience indicated that an 
irradiation time of 60 sec was required 
to ensure that virtual thermal equilib- 
rium had been reached. Thus, the in- 
tegral for melting in specimen CR is 
probably somewhat high. Specimen 
DO had a larger fuel-sheath diametral 
clearance than the other rabbit sam- 
ples. Hence, the integral might have 
been higher if the clearance had been 
comparable, as indicated by the verti- 
cal arrow on the graph. Since speci- 
mens ET, DI and DL did not melt, the 
ordinate of Fig. 6 could be specified 
but only an upper limit given to the 
abscissa. 

Small differences in surface temper- 
ature of the oxide can be corrected for, 
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Cross sections of irradiated Zircaloy-2-clad UO: rods. 
At left is 0.72-in.-diameter rod irradiated for 60 sec in NRX hy- 
draulic rabbit; note central area that had been melted. Center 


without introducing serious errors, by 

using an assumed value of conductivity 

in the difference term alone. To plot 

points on Fig. 6 for specimens CR and 

DB, a value of 14 w/em was assumed 
250°C 

for ts k(@) dé. 

With the exception of sample DO, 
the fuel-sheath diametral clearances of 
all the specimens shown in Fig. 6 were 
small enough so that the oxide should 
have expanded to contact the sheath 
while the fuel was being irradiated. It 
is interesting to note that the “‘effec- 
tive” thermal conductivity for such 
fuel appears approximately the same as 
the Hedge and Fieldhouse values (31) 
corrected for density. 

Effect of fuel-sheath clearance. A 
simple model was proposed by Robert- 
son et al. (58) to predict temperatures 
in fuel elements with large fuel-sheath 
diametral clearances. The UO: cyl- 
inder was pictured as remaining cen- 
trally located and intact under irradi- 
ation and expanding as if it were at a 
uniform temperature equal to its mean 
temperature. The interfacial temper- 
ature drop could then be calculated 
from the thermal conductivity of the 
gas in the surrounding annulus. 

It had been appreciated that the 
model was not physically correct, since 
it was unlikely that oxide pellets would 
remain central in the sheath and it was 
known that pellets would crack from 
the thermal stresses produced during 
irradiation. Evans had reported (37), 
for example, that cracking effectively 
relocated part of the original annular 
gap to the hotter interior of the fuel. 

It was only recently, however, that 
the inadequacy of the model was clearly 
demonstrated from tests in the EEC 
loop (61) and hydraulic rabbit (62) 
at Chalk River. The latter tests, on 
0.67-in.-diameter oxide pellets heated 





and right cross sections (0.41-in.-diameter rods) show effects of 
UO,» composition after ~4,500-Mwd/tonne U irradiation; at cen- 
ter is UOz.o0 and at right is UO2.15 


near the melting point in the center, 
indicated that the oxide surface tem- 
perature of specimens with a starting 
0.017-in. fuel-sheath diametral clear- 
ance was not more than 100° C higher 
than those with a 0.005-in. clearance. 

These results have led Robertson to 
suggest a more realistic model (63) in 
which cracked segments of oxide shift 
radially outward to contact the sheath, 
so that the interfacial temperature drop 
becomes mainly dependent on the inter- 
facial pressure and the properties of the 
contacting surfaces. The few avail- 
able irradiation data support the newer 
model. If the approach is valid, large 
differences in assembled diametral 
clearance could be tolerated in fuel ele- 
ments where the sheath-collapse prob- 
lem mentioned earlier was of no con- 
cern, since such differences would have 
a relatively small effect on the fuel tem- 
perature during irradiation. 

Effect of O/U ratio. Several tests 
(58, 64) have demonstrated that non- 
stoichiometric UO: exhibits much more 
grain growth and liberates more fission 
gas than near-stoichiometric pellets ir- 
radiated under comparable conditions. 

The most unambiguous comparison 
was obtained from the X-2-n loop test 
where specimens, identical except for 
their O/U ratio, were irradiated in ad- 
jacent positions for the same period. 
After irradiation, two samples of steam- 
sintered and hydrogen-cooled UQOs,.00 
were radially cracked with no apparent 
grain growth, whereas two samples of 
steam-sintered UO,.;; exhibited crack- 
ing and extensive grain growth, as illus- 
trated in Fig.7. The amount of fission 
gas released was 100-200 times higher 
from the nonstoichiometric oxide. 

The X-2-n experiment clearly indi- 
cated that the value of fk(@) dé pro- 
ducing grain growth is markedly low- 
ered if extra oxygen is added to the 
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Observed limit of melting 





Fuel Radius,r teal 


FIG, 8. 


Determination of integral from 
observed radii of melting for specimens 


CR and DB. Both specimens were 
0.72 in. diameter and contained uranium 
enriched to 4.82 wt% UU?) Tests 
were made in hydraulic rabbit 


UO. lattice. The oxygen self-diffu- 
sion rate is higher in UO.,, than in 
UO:.o (3); thus grain growth should 
proceed at lower temperatures in non- 
stoichiometric oxides. In addition, the 
thermal conductivity of UOs,, is 
known to be lower at 60° C and hence 
is suspected to be lower at elevated 
temperatures. The liberation of gase- 
ous UO; by the disproportionation of 
UO.,. might also produce changes. 
The available irradiation results indi- 
cate that stoichiometric oxide should be 
chosen for optimum performance. If 
an element were to become defected in 
service, however, the core could be oxi- 
dized by coolants such as water or CO». 
Thus, it is desirable to obtain irradia- 
tion experience on purposely defected 
test specimens, particularly at high heat 
Tests under way at Chalk 
River indicate that defected Zircaloy-2- 
clad UOs can be operated safely in 
pressurized-water coolant at values of 


center P 
ies o k(@) dé as high as 50 w/cm. 


Fission-gas release. The release of 
fission gases from irradiated UO:z has 
been studied extensively (57, 58, 65- 
67). However, the factors influencing 
gas release and the actual escape mech- 
anism are still not clearly understood. 
Markedly different amounts of gas were 
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ratings. 


evolved from samples of similar density 
prepared by different fabrication meth- 
ods (66). Even for specimens prepared 
by virtually the same fabrication tech- 
nique in the same laboratory and re- 
ceiving similar irradiations, the fission- 
gas release has varied appreciably. 

Where grain growth has been ob- 
served, the amount of gas released in 
long irradiations has always been sub- 
stantial; e.g., 35% of the fission-prod- 
uct xenon was released from rod 12 of 
the CR-V-e test in which ~45% of the 
oxide exhibited grain growth during an 
irradiation of 7,000 Mwd/tonne U. 

Even with the most pessimistic as- 
sumptions, fission-gas release would 
not limit the performance of the pres- 
ent UO: core in the Shippingport reac- 
tor (65). In reactors operating under 
lower pressures using elements with 
larger ratios of diameter to sheath 
thickness, however, the buildup of in- 
ternal gas pressure might prove to be a 
severe limitation. On the other hand, 
Davies (68) has calculated that the 
fission-gas pressure within a typical 
fuel element may reach a limiting value 
at less than 100 atmospheres due to a 
“knock-on” process where free gas 
atoms are kinetically excited by fission 
fragments and reenter the oxide lat- 
tice. An experimental program is 
under way at Chalk River to determine 
the validity of the theory. 


* * * 


I am indebted to A. S. Bain, G. H. Chalder, 
W. Evans, R. G. Hart, J. A. L. Robertson, 
A. M. Ross and M. B. Watson for supplying 
information in advance of publication. Iam 
particularly grateful to J. A. L. Robertson 
for many valuable discussions and for 
Figs. 6 and 8. 

This article is based on a paper presented 
before the First International Symposium on 
Nuclear Fuel Elements at Columbia Uni- 
versity, Jan. 28-29, under the sponsorship 
of Columbia University and Sylvania-Corning 
Nuclear Corp. 
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A Status Report on SDR 


The feasibility of the Sodium-Deuterium Reactor concept 


of a particular reactor system has been completed 


By E. BERNSOHN, J. DUFFY, C. K. LEEPER and M. S. SILBERSTEIN 
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has been demonstrated experimentally and the design 


THE SODIUM-DEUTERIUM REACTOR 
(SDR) is a power-reactor concept that 
combines heavy water as moderator 
and sodium as coolant. The concept 
takes advantage of the superior heat- 
transfer characteristics of sodium and 
the excellent nuclear characteristics of 
heavy water. Based on studies made 
to date, we predict that modern steam 
conditions and good power-plant eco- 
nomics can be achieved by SDR plants 
of over 40,000 kw(e) that are fueled 
with natural uranium. 

Work on this concept was under- 
taken as a result of a proposal made by 
the Chugach Electric Association of 
Anchorage, Alaska, and ourselves as 
part of AEC’s Power Demonstration 
Program. The proposal contemplates 
construction of a 10,000-kw(e) SDR 
plant that can be placed on the Chugach 
grid system in 1963. This smaller- 
than-optimum plant, which will be 
fueled with partially enriched (3%) 
uranium, will serve as a pilot plant for 
the larger, natural-uranium SDR sys- 
tems that may be built in the future. 

The first phase of our work (now 
nearing completion) has been carried 
out in two parts. First, an experimen- 





FIG. 1. SDR is of calandria-and-tube de- 
sign. Reactor is in central room of con- 
crete structure with header rooms above 
and below separated from reactor by 
stepped neutron-shield plugs. Coolant 
flows from lower header up through core 
tubes and out upper header. All rooms 
have dry-nitrogen atmospheres 
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FIG. 2. SDR-plant arrangement has radioactive-liquid systems vessel. Secondary-sodium system is in adjacent building, as is 


in separate concrete-walled compartments 


tal program was undertaken in which 
we demonstrated that sodium and 
water can work together safely and 
reliably. Second, we made a prelimi- 
nary design of the Chugach reactor 
plant. This article offers a description 
of the Chugach SDR and then presents 
a summary of the experimental work 
that led to its design. The important 
component, nuclear and heat-transfer 
design data for the SDR are listed in 
Table 1. 


Design Features of SDR 


In the SDR, heavy water and sodium 
are isolated from each other (thermally 
and mechanically) in a calandria-and- 
tube design (see Fig. 1). Thecalandria 
contains 73 calandria tubes that define 
the core lattice. Of the 73 lattice posi- 
tions, 54 are for fuel elements, 15 are for 
control rods and 4 are spares. The 
calandria tubes are rolled into the bot- 
tom 3-in.-thick tube sheet and are con- 
nected to the upper 3-in.-thick tube 
sheet by flexible bellows. The shell 
side of the calandria is filled with D,O 
to within 3 in. of the top. A 12-in. 
drain line and fast-action valve provide 
for fast D.O draining of the calandria 
as a backup for the shim/safety control 
rods in the event a scram situation 
should arise. 

Located concentrically in the calan- 
dria tubes—and not connected to them 
—are “hot” tubes containing the fuel 
elements and sodium. These hot 
tubes, together with the associated 
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in containment steam generator 


header tubes above and below the 
calandria, are free to contract or ex- 
pand independent of the cold reactor 
structure and of each other. Cross- 
over piping 114 in. in diameter connects 
the hot tubes to sodium-system headers 
located at the periphery of the header 
rooms. 

The hot tube is insulated from the 
calandria tube by a gas space. The 
insulation is enhanced by a third con- 
centric “barrier” tube that divides 
this gasspaceintwo. The barrier tube 
keeps the sodium and heavy water 
separated, even if one or both of the 
other tubes should leak, and provides 
separate gas spaces in which sodium 





The Future of SDR 


This article was written be- 
fore AEC announced the indefi- 
nite postponement of the Chu- 
gach/NDA project. The SDR 
concept is, even now, under- 
going a thorough and critical 
analysis by a nine-man com- 
mittee set up by AEC. Among 
the things that the committee 
is to consider is whether or not 
to recommend that AEC build 
an SDR experiment at one of its 
own installations. The com- 
mittee is expected to submit its 
recommendations to AEC about 
mid-April, with AEC announc- 
ing its decision probably in 





early May. 








and heavy-water leaks can be detected 
separately. 

In addition to the thermal and me- 
chanical isolation of the two fluids, the 
design incorporates a feature that has 
become typical of sodium-cooled reac- 
tor systems:: inert gas blankets all 
spaces containing sodium. This blan- 
ket effectively eliminates the possibility 
of sodium-air and hydrogen-oxygen re- 
actions and reduces possible sodium- 
water reactions to relatively slow, non- 
shock-producing ones. 


Plant Arrangement 


The SDR-plant arrangement is 
shown in Fig. 2 above. The plant is 
to be located adjacent to the existing 
Chugach-owned Knik Arm power plant. 
Steam generated by the SDR plant 
will be fed directly into the existing 
steam-turbine equipment. 

The reactor and all radioactive sys- 
tems are located within a steel-shell 
containment vessel. An adjoining 
service building houses the secondary 
sodium system, steam generator, reac- 
tor-control room, storage pool for spent 
fuel elements, health-physics labora- 
tory and offices. All other required 
facilities and services are available in 
the existing power plant buildings. 

The layout of equipment and con- 
crete shield walls in the containment 
vessel is arranged so as to keep the 
sodium and D,O systems isolated from 
each other. All concrete surfaces in 
compartments and rooms containing 
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TABLE 1—Characteristics of SDR 











Output—thermal: 
—electrical: 
Calandria 

Inside height: 

Inside diameter: 

Wall thickness: 

Material: 

Core structure 
Equivalent diameter: 
Height: 

Calandria tubes 
—number: 
—pitch: 

—inside diameter: 

—wall thickness: 

—material: 
Barrier tubes 
—inside diameter: 
—wall thickness: 
—material: 





40,000 kw 
10,000 kw 


11.7 ft 
9.5 ft 
0.75 in. 
aluminum 


7.5 ft 
9.4 ft 


73 

10 in. 
3.875 in. 
0.125 in. 
aluminum 


3.375 in. 
0.065 in. 
aluminum 





* Metric ton (1,000 kg). 





Hot tubes 
—inside diameter: 
—wall thickness: 
—material: 


2.805 in. 
0.035 in. 
stainless 
steel (316) 
Fuel elements 


Type: pellet 
Number: 54 
Fuel load—U2*: 53 kg 
—U28; 1,717 kg 
Enrichment: 3% 
Clusters per element: 1 
Rods per cluster: 19 
Rod dimensions 
—diameter: 0.392 in. 
—length: 10 ft 
Cladding: stainless 
steel (304) 
Pellet diameter: 0.360 in. 





UO, 
4,160° F 
7,500 Mwd/ton* 


Pellet composition: 
Max. pellet temp.: 
Burnup—avg.: 


—max.: 12,000 Mwd /ton* 
Moderator 
Type: D.O 
Moderator load: 25 tons 
Avg. temperature: 135° F 
Coolant 
Type: sodium 
Flow: ~3,500 gpm 
Avg. inlet temp.: 650° F 
Outlet temperature 
—minimum: 884° F 
—average: 950° F 
—maximum: 1,050° F 
Pressure: ~40 psig 
Core-channel 
velocity: 7 fps 





sodium lines and equipment are insu- 
lated and lined with steel to prevent 
in-leakage of water and to insure con- 
tainment of any sodium leakage. A 
dry-nitrogen atmosphere is maintained 
in these areas to insure against the reac- 
tion with oxygen or water vapor of any 
sodium leakage. 

Spent fuel elements are removed 
from the reactor by a shielded refueling 
machine that is supported by rails on 


the operating floor above the reactor. 
This machine transfers the elements to 
wash cells in the transfer pool for re- 
moval of residual sodium before they 
are placed in storage cells. When the 
activity of the spent elements has de- 
cayed sufficiently, they are passed 
through a transfer chute to the service- 
building storage pool. Containment- 
vessel integrity is maintained during 
transfer by closure valves which are 





TABLE 2—-Material-Screening-Test Results 














Jet 
Thickness Velocity Temp. Test 
Material (in.) (fps) (°F) duration Remarks 
Al (1100) 0.010 40 950 15 min No failure 
Al (1100) 0.060 50 950 18hr Tiny pits visible at 
point of impact 
Graphite 0.250 50 950 15 min No failure 
(AGOT, perpen- 
dicular to grain) 
Graphite (Nat. Car- 0.250 50 950 15 min Intact, but many 
bon Code 82, per- cracks 
pendicular to 
grain) 
Al foil 0.005 50 950 ~2 min Punctured at point of 
impact 
Al sprayed with 50 950 15 min Warped and blistered 
4-mil 18-8 SS 
Al (1100) 0.060 40 1055 3 hr 40 min Some pits in region of 
impact 
Al (1100) 0.060 50 1150 4hr Large hole eroded at 


point of impact 








placed at each end of the transfer chute. 
Plant Systems 


Primary sodium enters at the bottom 
and leaves at the top of the reactor 
(Fig. 1). It then passes through an 
intermediate heat exchanger where it 
transfers the reactor heat to a second- 
ary sodium system. The nonradioac- 
tive secondary sodium circulates 
through a sodium-to-water heat ex- 
changer where it produces superheated 
steam. 

A unique feature in the design of the 
sodium systems is the incorporation of 
return lines from catch pans in the 
header and equipment rooms to the 
primary sodium drain and fill system. 
This spill-return system recirculates 
sodium so as to maintain coolant in the 
reactor core in the event of a major leak 
in the primary system. 

Another unique feature is the use of 
nitrogen gas for after-shutdown cooling 
of the lattice tubes and fuel elements. 
This is accomplished by circulating 
cooled nitrogen through the barrier 
annuli. Preheating of the lattice tubes 
prior to startup is achieved in similar 
fashion by the circulation of heated 
nitrogen through the barrier annuli. 

An organic liquid (e.g., Dowtherm A) 
will be used extensively for auxiliary 
cooling. It will cool the D.O, circu- 
lating nitrogen, sodium freeze seals, 
cold traps and the neutron, thermal, 
gamma and biological shields. Organ- 
ics were selected for this purpose be- 
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cause they can be separated from DO 
easily in the event of heat exchanger 
leaks-and, also, because they do not re- 
act with sodium. In addition, radi- 
ation damage to the organic can be 
handled with a reasonably small puri- 
fication system. 


Experimental Programs 


The portion of our experimental 
effort that was directed toward sodium- 
water isolation can be divided into four 
programs: barrier-materials-screening 
tests, multiple-tube-configuration tests, 
mockup operation and tube- and 
The first 
three of these programs are summarized 
briefly in the remainder of this article. 

Barrier-Materials Screening Tests. 
Aluminum, zirconium, stainless steel 
and graphite specimens were tested in 
our efforts to find a suitable barrier 
material. Tests were made by direct- 
ing a jet of sodium from a 34 5-in.-dia 
nozzle at 2-in. by 2-in. specimens in an 
Sodium-jet 
temperatures ranged from 950 to 
1,150° F (maximum design temperature 
of the primary coolant in the operating 
1,050° F). Jet velocities 
ranged up to 50 fps, and impingement 
times were from 15 min to 18 hr. 

Zirconium and stainless steel per- 
formed well—as would be expected. 
Graphite, in general, performed poorly, 
but the AGOT type (reactor grade) 
performed well enough to indicate that 
it might be developed into a suitable 
high-temperature barrier in the future. 
The most significant result of these 
tests was that aluminum demonstrated 
the ability to resist penetration by hot 


header-weld strength tests. 


inert-gas-filled enclosure. 


reactor is 







Calandria 


No jet tube 
HO jet 
Container tas 
f| ~——— Barri 
a tube 


FIG. 3. Test section with container re- 
moved shows sodium and water nozzles 
Opposite each other in hot and calandria 
tubes and jets directed at barrier tube 
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sodium for a sufficient period of time 
during which, in the reactor, the hot- 
tube leak could be detected and correc- 
tive action taken (see Table 2). In 
addition, aluminum has a low neutron- 
absorption cross section and is com- 
mercially available at low cost. Alumi- 
num was selected, therefore, for further 
study in the multiple-tube-configura- 
tion tests. 

Multiple-Tube-Configuration Tests. 
Having selected aluminum as a promis- 
ing barrier material, the next step in- 
volved testing the multiple-tube con- 
figuration (hot tube, barrier tube, and 
calandria tube) under simulated leaks 
of sodium and/or water. 

The test section (Fig. 3) in the loop 
we constructed for these tests simulates 
a 24-in. length of one core-lattice posi- 
tion. The stainless-steel hot tube is 
filled with hot stagnant sodium. The 
calandria tube is surrounded by ordi- 
nary water. The hot tube and calan- 
dria tube each contain a nozzle 
(~0.093-in. bore) through which so- 
dium and water, respectively, are di- 
rected at the intervening barrier tube. 
The test section is mounted in an inert- 
gas-filled container. Test runs were of 
up to 30 min duration with sodium flow 
rates of up to 1 gpm and sodium tem- 
peratures of up to 1,250° F. Water- 
jet temperatures were of the order of 
150° F with comparable flow rates. 

None of the barrier configurations 
tested were penetrated by singly di- 
rected jets of sodium or water or by 
simultaneously directed jets of both 
fluids at temperatures below the melt- 
ing point of aluminum (1,200° F). In 
a sodium-jet test conducted at 1,250° F, 
the barrier tube was penetrated after 
~20 sec, but the water-backed calan- 
dria tube successfully withstood the jet 
for the remainder of the test. 

During the course of the tests, some 
direct mixing of sodium and water did 
occur in the test section of the loop. 
Mixing was not the result of tube-con- 
figuration failures but, rather, of test- 
apparatus malfunctions. Although so- 
dium-water reactions occurred, no 
damage to the barrier tube, hot tube or 
calandria tube resulted—the same com- 
ponents were used in subsequent tests. 

These tests demonstrate that the 
multiple-tube configuration will keep 
the sodium and water isolated even 
after a breach of any two of the three 
tubes occurs. They further demon- 
strate that, in the event of actual mix- 
ing of sodium and water in the multiple- 








FIG. 4. SDR-system mockup subjected 
another test section to pressures and 
temperatures higher than expected in 
normal reactor operation 


tube region—which, in practice, would 
require the simultaneous failure of all 
three tubes—no mechanical damage to 
the system will occur. 

Mockup Operation. The previous 
experiments can be characterized as 
component tests. A test of the entire 
sodium-water isolation system was 
made next. The several critical com- 
ponents of the system were assembled 
into a full-scale mockup and were 
tested under simulated normal and 
abnormal operating conditions. 

The mockup (Fig. 4) encompasses 
three core-lattice positions. It in- 
cludes the multiple-tube configuration, 
the pigtails and headers, and the calan- 
dria. Auxiliary apparatus supplies hot 
liquid sodium and heated water to the 
test section, cover gas for these liquids, 
inert gas for the barrier spaces and the 
upper and lower header boxes, and a 
leak-detection system in the barrier 
space for both the sodium and water. 

As of September 30, 1958, the mockup 
had logged 2,779 hr with the sodium at 
950° F and water at 150° F. Only one 
unscheduled shutdown occurred, and 
this was caused by an electrical failure. 
The test section was subjected to simu- 
lated emergency reactor-operating con- 
ditions, including fast water draining. 
During the entire operation of the 
mockup, not a single failure or indica- 
tion of damage was observed. 
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RaDIATION SAFETY requires some system of personnel 
monitoring to reveal levels of exposure in installations 
where radiation is present. Two systems are common. 

Film badges carry photographic emulsions. When the 
emulsion is developed, its blackening reveals the exposure 
to which the film and the person wearing it have been sub- 
jected. Filters of different thicknesses over different parts 
of the film make it possible to estimate the quality of the 
radiation. Special nuclear-track emulsions can be used to 
measure neutron exposures. 

Pocket chambers are charged electrostatically. This 
charge is depleted as the chamber is exposed to ionizing 
radiation. The charge remaining indicates exposure. 
Some chambers are self-reading; they are usually referred 





Whose Are the Answers? 


The following is a list of the people whose opinions 
are sampled in answers published in this article: 


Hanson Blatz 
Director of Radiation Control, City of New York, 
formerly Chief, Radiation Branch, AEC Health and 
Safety Laboratory, New York 
Vincent P. Guinn 
Shell Development Co., Emeryville, Calif. 
D. A. Guthrie 
Senior Chemist, Esso Research and Engineering Co., 
Linden, N. J. 
Reynold L. Hoover 
Manager, Health and Safety, Nuclear Division, 
Combustion Engineering, Windsor, Conn. 
Henry R. James 
Industrial Hygiene Engineer, Division of Industrial 
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to as “‘pocket dosimeters.”” They can be read by simply 
holding them up to a light and observing the position of a 
mark on a scale. Others must be inserted in a reader—a 
separate piece of apparatus. These are usually called 
“pocket ionization chambers.”’ 

A few other systems have been proposed, especially for 
special purposes like neutron monitoring. None is in com- 
mon use. 

Whether film badges or pocket chambers are better ex- 
ternal-radiation monitors is a matter of opinion. Some 
favor one system; some favor the other; some insist on both 
together. Neither system is without limitations. 

At the Geneva, 1958, Atoms-for-Peace Conference a 
paper by Bernard A. Fries and Donald E. Hull* of the 
California Research Corp. presented the arguments for 
pocket chambers with written records kept by the users. 
The method is a departure from usual practice of relying 
almost entirely on film badges. Consequently NUCLEONICS 
has made a survey of opinions to see how experts compare 
pocket-dosimeter and film-badge systems and various 
modifications and combinations of them. 


For Pocket Chambers 


Fries and Hull find that in industrial applications, pro- 
tection from external sources of gamma rays is the major 
concern. In their Geneva paper they state a firm faith in 
the use of pocket dosimeters to monitor this kind of radi- 
ation. Each of their regular workers has his own dosime- 
ter. Casual workers share meters. Extra meters are 
available for special checks of hand or body exposure. 

To provide permanent records, each man reads his 
dosimeter and writes the result in a bound notebook. He 
dates and initials his entry. The safety engineer makes a 
monthly photostatic copy of the current pages and keeps 
this duplicate copy in a permanent file. 

The notebook is kept with the dosimeters in the foreman’s 
desk. The foreman checks the record once a week in rou- 
tine work and daily when any job entailing unusual radi- 
ation levels is in progress. The charge usually lasts for 
several months. When the readings go above 150 mr, the 
foreman takes the meter to the safety officer to be recharged. 





* B. A. Fries, D. E. Hull. Ten years’ safe use of isotopes in 
petroleum laboratories and refineries, paper P/1431 presented at 
the Second United Nations International Conference on the Peace- 
ful Uses of Atomic Energy, Geneva (1958) 
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Fries and Hull of Cal Research say that safest monitoring 
uses pocket dosimeters, not film badges. 
NUCLEONICS gathered expert opinions and 


a rebuttal to form this symposium on the subject 


Fries and Hull feel that this system offers the following 
important advantages: 

Psychological acclimation. Each man has in his pocket 
a meter that he can read at will. This tends to remove any 
anxiety he may have about working with radiation. 

Sensitivity. The pocket dosimeters that are used have 
full-scale ranges as low as 200 mr and will show exposures 
aslow as 1-2 mr. Most of their readings would not show 
on a film even on a weekly basis. Film thresholds are 
20-30 mr. 

Immediate indication. If there is any unexpected expo- 
sure, corrective action can be taken immediately. 

Low cost. If more than a year’s program is planned, 
dosimeters are less expensive than film-badge service. 

Accuracy. The meters are checked quarterly against 
radium. The users do not find spurious readings that 
would require wearing duplicate meters. 

Reliable records. The Geneva paper says, ‘‘The com- 
pany has a permanent record of each employee’s exposure 
in his own handwriting. We feel that this kind of docu- 
mentary evidence is of greater value in a possible legal dis- 
pute than a piece of film—particularly so, since this film 
would have to be accompanied to court by an expert wit- 
ness, who must explain how the film is processed and inter- 
preted and how the kind, time, temperature of develop- 
ment and other factors influence the blackening of the 
film.” 

Using the pocket dosimeters is not held to be a complete 
safety program by any means. Hull and Fries describe a 
safety philosophy for external-radiation protection that 
depends on educating personnel to take maximum advan- 
tage of three factors: distance, time and shielding, in that 
order. Area monitoring and urine tests supplement the 
personal monitoring program. Blood tests are held to 
have no place in the program. 


Other Views 


A range of opinions is available in the answers to the 
NUCLEONICS inquiry addressed to people knowledgeable in 






































personnel monitoring. There is fairly general agreement 
that which system is to be used depends on such influences 
as (a) type of radiation to be monitored, (b) radiation level, 
(c) type of personnel and (d) degree of hazard. 

On other points it is difficult to find agreement. It is 
interesting that in frequent instances the same fact is used 
on both sides of an argument. One person finds it a factor 
in favor; another finds it a factor against. For example, 
to many it is an advantage that film badges are not self- 
reading because that requires an impartial outside party to 
evaluate the exposure. To others it is a good thing that 
the user himself can read self-reading pocket dosimeters; no 
outsider is required, and the wearer is better able to look 
after his own safety. 

Here are the questions we sent out and representative 
excerpts from the answers that came back. Full names 
and affiliations of the people who sent answers appear in 
the box on the opposite page. 


1. What is your opinion of pocket-dosimeter monitoring 
with notebook records as described by Hull and Fries? 


“Tf the only radiation present is high-energy X- or gamma 
radiation between 0.3 and 3 Mev, the pocket dosimeters are 
more convenient. 

“Most pocket dosimeters with built-in electrometer systems 
available today are notably energy dependent in the region 
below 0.2 Mev. The response of non-self-reading pocket cham- 
bers is less energy dependent than that of the self-reading 
type. One investigator attributes the particularly poor 
response of the self-reading type at low energies to secondary 
electrons from electrometer components, which are often 
within the chamber. 

“Pocket chambers also have the disadvantage that once the 
measurement has been made, there is no way of rechecking 
or determining to what type of radiation they have been 
exposed.” —Blatz 


“ |. an excellent practice, but may be too elaborate.” 
—Guinn 


“The use of only one meter falls somewhat short of provid- 








For Hull’s and Fries’ rebuttal to the comments in this story see page 119 
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ing complete assurance. We have encountered many spurious 
readings occasioned usually by inadvertent jarring or shaking 
of the meter. When two meters are used at once, rarely do 
both give false readings at the same time.” —Guthrie 


“The notebook is a very good idea. The problem in most 
industries is getting personnel to make the entry.”— Hoover 


“As a matter of division policy, we would not require this 
procedure since we are not convinced that it is as dependable 
as the film badge. 

“Since Hull and Fries have demonstrated that the pocket- 
dosimeter method alone is satisfactory at their place of em- 
ployment, this procedure would be acceptable to this division 
for the California Research Corp.”’ — James 


“Self-reading pocket chambers are particularly useful in 
zones where radiation levels are high or variable since they 
permit immediate evaluation of exposure conditions. 

“Recording by the user is a satisfactory procedure if the 
records are audited from time to time and if meters are re- 
charged by some person not engaged in the radiation work 
involved. If there is no auditing and if recharging is done by 
radiation workers themselves, there may be attempts to record 
readings (a) higher than observed to avoid a disagreeable job 
or build up a case for an injury claim or (b) lower than ob- 
served to hide an operating error or avoid being restricted 
from a pleasant job.” —McAdams 


“.. probably quite satisfactory for gamma-ray emitters. 
For mixed radiation or betas it is doubtful if it would be 
satisfactory.”’ —Overman 

“In the light of their experience, they seem well justified 
in expressing a preference for pocket-dosimeter monitoring. 

“The pocket dosimeter is necessary equipment for personnel 
working on any new technique or when an unexpected change 
of plans may arise during routine work with millicurie and 
higher levels of radioactivity. Records of exposure are im- 
portant references for the worker in gaining experience and 
confidence.” —Peacock 

““A pocket dosimeter does indeed offer a tremendous ad- 
vantage in ‘psychological acclimation’ when the worker can 
read it and keep his own record. This advantage can be 
realized with either self-reading or non-self-reading dosimeters. 
With the latter the reading instrument must be easily 
accessible.”’ —Weinstock 


2. What is your opinion of film-badge monitoring? 


“Tf films are properly processed, the density under each 
filter enables a fair estimate of type and energy of radiation. 
This is important both in applying the proper calibration 
factor and in determining penetration. Many of us today 
forget that maximum permissible doses are in terms of certain 
critical organs. Degree of penetration is often equally 
important to amount of radiation.” —Blatz 

“‘. should be part of any isotope safety program for two 
reasons: (a) It provides a permanent record, and (b) it is 
conducted by an independent organization. As a check on 
the service we expose test films to known exposures and sub- 
mit them at random times with the routine badges.” 

—Guthrie 
. the most widely accepted measure of personnel 
exposure today. Films can be worn for several weeks to 
accumulate enough exposure.” —Hoover 

“The United States Public Health Service has stated that 
the film badge has official status in radiation-protection pro- 
grams. This statement was made in the report of the Joint 
Committee on Atomic Energy, Special Subcommittee on Radi- 
ation, at hearings held on March 27-29 and June 3, 1957. 
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“The California Division of Industrial Safety has made this 
decision: Of the two types of personnel monitoring, a film 
badge processed by a reliable and reputable organization will 
give a more accurate qualitative and quantitative value of the 
radiation dose. The dosimeter is subject to errors due to 
external forces. Use of the dosimeter alone would not con- 
stitute compliance with General Industry Safety Order 3804, 
‘Monitoring,’ except in special situations. Data developed 
from the film badge indicate compliance.’ — James 

“| . still the best personnel-monitoring device available. 
The major disadvantage is that readings are not available for 
some time after the exposure occurs.”’ —McAdams 

“T definitely feel that one-week film badges are not of any 
particular value and recommend that either longer periods of 
time or some dual system be used. The average badge will 
not record soft X- or gamma radiation below 20 mr and hard 
radiation below 50 mr. On a weekly basis, 1-214 r per year 
could be accumulated and not measured.”’ —Overman 

“Film badges serve quite a different purpose from pocket 
dosimeters. They are the employer’s record supplied by a 
qualified and objective third party. They are also designed 
to protect the employee from the threat of undue influence 
from his supervisors or even fellow employees on possible 
fallibility. They also protect management from these same 
threats. 

“We have recognized one failure in the weekly film badge— 
its high limit of readability. For this reason we have added a 
cumulative badge, read quarterly, so that average exposures 
of 2-3 mr/week are now reportable.” —Peacock 


3. Do you think either system is satisfactory in the absence 
of the other? Under what conditions? Why? 


““We rely on film badges for regular, routine records with 
value as legal evidence. On the other hand we also use 
pocket dosimeters in all operations involving significant levels 
of gamma exposure. The pocket dosimeter has the value of 


an on-the-spot measure.”’ —Guinn 


““We believe both duplicate dosimeters and a film badge are 
necessary for a complete program. The former provide an 
instantaneous reading; the latter provides a permanent and 
independent check.” —Guthrie 

““Where pocket dosimeters are used, film badges should also 
be used. But pocket dosimeters are not necessary in all cases 
in which film badges are worn. For example, in exposure to 
beta flux or beta and gamma together, pocket dosimeters will 
not measure the beta, and film badges will measure both.”’ 

—Hoover 

“We think that film-badge monitoring is satisfactory in 
the absence of pocket-dosimeter monitoring, but not vice 
versa. Safety inspections in the field often indicate that 
chambers are not properly charged. Often the data is not 
recorded, even though this is required. Therefore this 
division would not accept data from dosimeters or pocket 
chambers unless we were certain that the internal professional 
discipline of the organization is such that the information 
recorded could be guaranteed valid.” —,J ames 

“‘Under many conditions the film badge is satisfactory by 
itself. In others the pocket ionization chamber is satisfactory 
by itself. In some cases I would recommend use of both; in 
other cases I would not recommend either. 

“Selection of the proper method involves many factors in- 
cluding the following: (a) nature of the radiation work, 
equipment used and operating conditions, (b) kind and quality 
of radiation, (c) constancy of radiation levels, (d) number of 

—McAdams 


persons to be monitored.” 
May, 1959 - NUCLEONICS 

















“For gamma radiation only I would accept pocket dosim- 
eters alone. For high radiation fields pocket dosimeters are 
essential with or without film badges. In my opinion film 
badgés are more acceptable for low-level mixed-radiation 
measurements. The systems can be used together where the 
nature and level of radiation indicate that the information 
from both would be valuable.” —Overman 


4. Which system do you find preferable for evidence in 
court? Why? 


“T believe film badges are more acceptable legally because 
they are almost universally used. The important thing in 
court is the evidence given by an expert witness with whatever 
technical data he draws upon. The data, however, should be 
able to withstand attack.” —Blatz 


“The advantages of the film badge are two: (1) Data are 
obtained by an impartial outside concern, and (2) films have 
proved to be more dependable in our experience.”” —Guinn 

“ Alone, neither would appear to be preferable. Dosimeter 
records kept by the individual provide a valuable record. 
This evidence can be backed up by film-badge records supplied 
by an independent organization.” —Guthrie 

“Until such time as film-badge data are not acceptable in 
court or pocket-dosimeter readings are, I would have to prefer 
the film badge.” —RH oover 


“Film badges. The records and interpretation are made 
by an outside agency, which has this responsibility.” —./ ames 

“Any of these systems is likely to be satisfactory if it can be 
shown that the records are as valid as they can be made. 
Film is a permanent record and can be re-evaluated, to take 
account of new knowledge. From this standpoint film may 
be superior. However, if pocket-dosimeter readings are 
recorded by a neutral party or the users themselves under 
carefully supervised procedures that are duly audited, they 
should be perfectly acceptable. At present no one is sure 
what kind of records will be admissible.”’ —McAdams 

“It would seem that qualified third-party testimony would 
be very useful. Another advantage of film badges is in the 
case of accidental exposure beyond the range of the pocket 


dosimeter.”’ —Peacock 


5. How do you feel about “psychological acclimation’’? 


“Tt is my opinion that the ability to become aware of an 
exposure immediately is overemphasized. Relatively few 
radiation workers are subject to significant increases in dose 
rate, and if the increase were to be really important, the pocket 
meter would read off scale. Each worker should know in 
advance with a fair degree of certainty what dose he is going 
to receive. Personnel monitoring should serve as a continu- 
ing check on this knowledge and also on the individual’s 
personal work habits.” —Blatz 


“The psychological value of having a pocket dosimeter 
available at all times for immediate reading is undoubtedly 
appreciable. However, we always use regular monitoring 
equipment before starting an experiment, so the radiation 
levels are well known in advance anyway.” —Guinn 


“|. extremely important in an isotope program. All 
workers must be taught respect for hazards of radioactive 
isotopes and radiation, but this respect must be tempered by 
sufficient knowledge and understanding of safe ways to use 
them. 

‘‘A pocket dosimeter provides valuable self-assurance to a 
man by allowing him to determine immediately if any sus- 
pected exposure has occurred. He can then take steps at 
once to correct unsafe conditions. To make the worker him- 
self responsible for the exposure records is an excellent way to 
give him the feeling of participating in his own safety.”’ 


—CGuthrie 
‘|. very important. This can not be overlooked in any 
radiological safety program.” —Hoover 


“Tf this means education, the division believes in it.’’ 
— James 
“‘T do not agree with Hull and Fries. I would be inclined 
to think that self-reading would lead to higher exposures be- 
cause of a tendency to work to maximum permissible limits. 
I believe one of the biggest weaknesses of self-reading is an 
unfavorable ‘psychological acclimation’ brought on by 
familiarity of receiving high readings and experiencing no 
immediate physical or biological effects.”’ —McAdams 
“| . one of the strongest points for the use of the pocket 
dosimeter for nontechnical workers. One must be very care- 
ful that he does not give the worker a false sense of security by 
inferring that the instrument tests offer protection. It is 
extremely important that he learn to exercise caution when 
working around radiation and that he learn that any kind of 
instrument is only a source of information—not a safeguard 
in itself.” —Overman 
“We are all hesitant to some extent in working with a 
hazard that is completely undetectable in any of the natural 
senses. Thus psychological acclimation is very important to 
any one concerned with radiation.” —Weinstock 


6. Do you feel any other personnel-monitoring system is 
better than these two or essential for use with one or the 
other? Please discuss. 


“No. But there are many other ways film badge and do- 
simeter data can be further substantiated. For example, 
nuclear track film should be used when personnel might be 
exposed to neutrons. Foils such as indium are also helpful 
in estimating neutron exposure. The medical staff should 
have blood data to diagnose the severity of an acute radiation 
exposure.” —Hoover 

“Our division’s policy is to accept any solution to the prob- 
lem of safety.” —J ames 





A Rebuttal by Hull and Fries. 


We find an interesting paradox in the answers to the 
NUCLEONICS questionnaire. All of the respondents seem to 
approve our system of monitoring the low levels of gamma 
rays we encounter in industrial work with pocket-dosimeters 
(although two state some reservations). Six agree, most of 
them quite strongly, on the importance of psychological 
acclimation, which is possible only with self-reading meters. 
Yet only one would prefer this system for his situation. 


Vol. 17, No. 5 - May, 1959 


Reading the comments suggests that several factors con- 
tribute to this attitude, including these: 
1. The inadequacy of pocket dosimeters for beta-rays. 
2. Experience with faulty dosimeters. 
3. The fact that film badges are read by an impartial third 
party. 
4. A belief that film badge measurements are permanent, 
whereas dosimeter readings are not. (continued, over) 
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5. A rumor that film badge readings have been accepted in 
court in preference to pocket dosimeters. 
6. The prevailing usage of film badges. 


Some of these points are sound, but others are arguments 
that have been repeated over the years without being analyzed 
in the light of new developments. Our views on them are 
as follows: 


1. Beta-ray Sensitivity 


With this point we are in complete agreement. Dosimeters 
read low for beta-rays, and where high beta-radiation levels 
are encountered, film badges are needed. We always work 
with gamma rays in refinery applications, and most of our 
laboratory applications are also with gamma rays. Fe®® in 
piston rings and Co®® in sources, even when unshielded, give 
beta-radiation levels not much more than the gamma levels. 
This is also true of dilute solutions of gamma emitters in 
bottles. 

Blatz has expressed his concern about the error of dosimeters 
at low gamma-ray energies. But the error in dosimeters be- 
low 0.3 Mev is on the conservative side because they read too 
high. Only for energies below 0.05 Mev do they read too low. 
Since we are always far below tolerance exposure, the fact that 
we might record an exposure to 0.13 Mev gamma rays of 10 mr 
instead of 5 is of no consequence. 

In some people’s experience they have found that beta 
radiation, low-energy gamma rays, and off-scale readings are 
likely events. The point of our paper is that in our industrial 
experience, these are not at all likely; hence, we find the 
pocket dosimeters adequate. 


2. Faulty Dosimeters 


Several cite their unfavorable experience with dosimeters, 
particularly with wrong readings after dropping them. This 
has not been our experience. Our dosimeters may, rarely, 
be knocked out of focus by dropping; they are not discharged. 
In ten years we have not had more than one or two cases of 
suspected high readings charged to faulty dosimeters. We 
have had particularly good experience with Beckman dosime- 
ters. Also, Keleket meters have been satisfactory. 

On the other side, not all users are satisfied with the relia- 
bility of film badges. Many have received negative reports 
on badges deliberately overexposed and, conversely, positive 
reports on badges that were not used. The development of 
films and their comparison with controls present many possi- 
bilities of error, both positive and negative. Several respond- 
ents refer to the low sensitivity of film badges. Whereas a 
cumulative low exposure monitored by the customary weekly 
badge might be reported annually either as zero or 2500 mr, 
we can distinguish as little as 30 mr in a year’s total of daily 
readings. (See addendum.) 


3. Readings by Third Party 


By their nature, film badges cannot be read by either the 
worker or his employer. Both must take on faith the report 
of the specialist who develops the film. In contrast, both the 
worker and supervisor can read the pocket dosimeter, as easily 
as one reads a stopwatch. If they agree on the reading of a 
meter that is regularly calibrated, why is another reading by 
a third party needed? 


4. Permanence of Records 


The darkening on a film badge is meaningless until it has 
been translated into a number by a rigidly controlled pro- 
cedure. The permanent record then includes the number 
that represents the darkening of the film plus the data about 
the exposure of the standards and the development of the 
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films. The dosimeter reading is easily noted and put in a 
book. It is true that you cannot go back and reread the 
dosimeter, but neither can you redevelop the film. One 
record is no more permanent than the other, but we believe 
that the dosimeter reading is much simpler to take and to 
understand, hence more meaningful than the film reading, as 
well as 20 times as sensitive. 

Blatz mentions the lack of energy discrimination in the 
dosimeter. We do not find this a disadvantage, because our 
records show the isotope one was exposed to. 


5. Legal Acceptance 


The sharp division of opinion on this matter shows the 
need for factual information. Is there or is there not any 
legal precedent involving any kind of personnel dosimetry? 
Moyer* says there is not. 

In this connection, the question has been raised whether 
employees can “‘cheat’’ on their exposure record more readily 
with pocket dosimeters than with film badges. The answer 
is that anyone who wants to falsify his exposure record can 
do so very readily, whether he wears a dosimeter or a badge. 
For example, suppose he wants to conceal large exposures 
that he actually incurs. He merely puts his dosimeter in the 
desk while he comes to close grips with an awkward maneuver. 
Thus, the over-exposure does not show on his record. On the 
other hand, suppose he wants to build up a record of higher 
exposure than he actually receives. He simply places his 
dosimeter or badge close to a source for a few minutes and 
gets the high reading. 

No possible argument about having a qualified independent 
third party of high reputation to read the exposure can change 
these basic facts. A true reading can be got with any instru- 
ment only with the employee’s cooperation. We believe that 
the best way to get this cooperation is to give him a meter 
he can read himself. He thus has the most direct control of 
his personal safety, and self-interest provides the strongest 
possible incentive to cooperate. If he is satisfied with the 
reading, and if we are satisfied that it lies within safe limits 
and is consistent with the exposure required by the job, it 
goes into the permanent records, undisputed. We believe 
that our ten-year record of excellent employee cooperation 
in the safe use of isotopes is a strong recommendation for 
this system. 


6. Accepted Practice 


Perhaps the most important consideration with many who 
prefer film badges over pocket dosimeters is the previous 
large-scale use of film badges, especially in AEC installations. 
It is considered safer, and is certainly easier, to conform to 
what is already accepted. However, the system that is 
chosen for the large staff of a nuclear reactor installation is 
not necessarily the best system for a small group working 
with radioisotopes in an industrial laboratory. We believe 
our system with self-reading meters and records kept by the 
user is superior for our particular industrial situation and 
perhaps also for many other industrial users. 


Addendum 


A striking example of our confidence in the pocket dosimeter 
is our monitoring program for a pipeline tracer operation in 
Alaska. Only decimillicurie injections of tracer are involved, 
but for psychological effect a dosimeter is used. A charged 
dosimeter is mailed to the Alaskan station when a year’s 
supply of tracer is shipped. No charger is supplied. When 
the tracer is replenished, the meter is returned to us, still on 
scale, for recharging. This system has worked for four years. 





* B. J. Moyer, Annual Reviews of Nuclear Science 8, 341 (1958). 
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Atomi 


Begin with the knowledge of experienced scientists . 
conduct a seven-year research and development program 
..collect a wealth of solid operating experience. Result: 
GUARANTEED PERFORMANCE of a nuclear power reactor, 
designed by Atomics International to help meet the world’s 
power needs. 

This is the Oncanic Power REAcCTOR—outgrowth of 
research and development on the organic system and opera- 
tion of the Organic Moderated Reactor Experiment (OMRE) 
conducted by Atomics International for the U.S. Atomic 
Energy Commission. 


Outstanding advantages of the ORGANIC POWER 
REACTOR: Low capital investment * Low cost opera- 
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cs Inte rnational technician with countercurrent distribution apparatus used to study moderator-coolant for Organic Power Reactor. 


Washington, D.C., U.S.A.; Geneva, Switzerland, Affiliated with: 
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tion * High inherent safety and flexibility + Reliability 


resulting from 


* Non-corrosive moderator coolant * Low pressuresystem 
* Conventional, off-the-shelf components and materials 
* Easy access during operation 


Atomics International is ready to furnish complete 
Orcanic Reactor electric power plants, including fuel 
elements, in a wide range of power levels. An experienced 
field staff will assist with initial plant operation, personnel 
training and maintenance procedures. 

For details contact: ATOoMICS INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATomIcs. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


INTERATOM, Bensberg/Cologne, Federal Republic of Germany 
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FIG. 1. 
level thermal-neutron-flux measurement, 
Simple construction is suitable for quantity 
production 


BF; proportional counter for low- 


A Rugged BF; Proportional Counter 


By O. F. SWIFT and R. T. BAYARD 


Bettis Atomic Power Division, Westinghouse Electric Corporation 


Pittsburgh, Pennsylvania 


A boron trifluoride proportional 
counter was developed to measure low- 
level thermal-neutron fluxes. The de- 
sign (Fig. 1) issimple and rugged. The 
counter is operable in a relatively high- 
intensity gamma field and in ambient 
temperatures up to 80° C. 

The operation of a BF; counter de- 
pends on the exothermic reaction 
B'(n,a)Li’. The ionization resulting 
from the energy loss of the alpha parti- 
cle and lithium nucleus in the BF; gas 
gives rise to a pulse at the counter col- 
lecting electrode for each boron 
disintegration. 

The design values chosen for this 
particular counter represent a com- 
promise between high neutron sensitiv- 
ity, uniform pulse size, low gamma 
sensitivity and convenient dimensions. 


BF; Purity 


To obtain high sensitivity, it is neces- 
sary to use a high pressure of BF3. 
However, Fowler and Tunnicliffe (1) 
report that counters filled to a pressure 
as high as 60 cm Hg have unsatisfactory 
characteristics unless refilled with fresh 
BF; after ‘‘soaking”’ for several months. 
This effect is very likely the result of 
electron capture by impurities in the 
gas (2). In particular, silicon tetra- 
fluoride, an electronegative gas, is 
likely to be found in BF; prepared in a 
glass filling system (3). Also, BF; may 
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react with organic stopcock greases or 
water vapor to form hydrogen fluoride. 
Hence, BF; purity and elimination of 
contaminants in the counter and filling 
system are of prime importance. 


Performance 


The sensitivity of one of these coun- 
ters was measured by placing it in 
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Counter Voltage 


FIG. 2. BF; counter voltage curve. 
Discrimination level was 5 volts. Neu- 
tron source was 5-mc Ra-Be moderated 
by paraffin 


a thermal-neutron flux whose unper- 
turbed value was determined to within 
10% by indium-foil measurements. 
The sensitivity was 4.4 + 0.4 counts/ 
neutron/cm?. 

A typical curve of counting rate ver- 
sus voltage applied to the counter is 
shown in Fig. 2. A linear amplifier and 





a preamplifier with an over-all rise time 
of 0.2 usec and a clipping time of 0.8 
usec were used in conjunction with a 
scaler for taking all data. The counter 
was connected to the preamplifier input 
through a cable, and the total input 
capacitance was ~450 microfarads. 
The capacitance of counter and con- 
nector alone is 8.3 microfarads. The 
over-all voltage gain of the amplifying 
chain was approximately 5,000, and the 
discrimination level was 5 volts at the 
amplifier output. 

An integral-bias curve for the counter 
is shown in Fig. 3. The relatively 
broad distribution is a result of partial 
ionization loss by those disintegration 
products that strike the wall of the 
counter. The geometry is favorable 
for the production of these small pulses 
since the range of the disintegration 
products is of the order of half the 
counter radius. If the ratio of range to 
counter radius were decreased by using 
a larger diameter or higher filling pres- 
sure, the effect would be considerably 
reduced. However, at the same time 
the sensitivity to gamma radiation 
would be increased, an important con- 
sideration for reactor applications. 

Multiplication as a function of volt- 
age is shown in Fig. 4. 

One of these counters was maintained 
at an ambient temperature of 100° + 
5° C in an oil bath for six weeks. Dur- 
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Kodak reports on: 


cutting waiting time for radiographs from 12 hours to 13 minutes... the circumstances of our 
entry into the field of rare earth organic compounds . . . 50,000 inches per second without a break 


The one-hoss-shay principle 





One end of this thing extends 22 
inches into the darkroom. Into a slot at 
this end a human being feeds miscel- 
laneous sizes, shapes, and lengths of 
x-ray film. All he does is unwrap them 
from the light-tight holders in which 
they have been exposed to the various 
Y4-, |-, and 2-megavolt x-ray machines, 
betatrons, and gamma-ray sources 
around the plant, through the various 
castings and weldments that have to 
be tested. Each piece of film emerges 
dry and ready to read 13 minutes later 
in time and 10’ 10” away in space. 
There another human being picks it 
up and conveys it to an inspector who 
is now only 13 minutes short of the 
ability to look at will through solid 
metal and know what he is seeing. 

X-ray film is a delicate proposition. 
It has emulsion on both sides. Proc- 
essing artifacts in industrial radio- 
graphs are intolerable. You have to 
take the sizes as they come, in any 
order. You can’t hook them together 
like a train. You can’t put them in 
carriers. You have to move them on 
rollers like a printing press. The rollers 
have nothing to grip but wet gelatin, 
and they mustn’t leave a mark on it. 
You have to build in foolproof guaran- 
tees that at each point in the system 
the film will be in an exactly speci- 
fied physical and chemical condition. 
Breach these tolerances and you’re 
manufacturing silver-flavored gelatin 
pudding. And because the human be- 
ings might lose count or be wasteful, 
the machine should automatically 
meter the replenishment solutions to 
the length of film processed. 

Kodak chemists and mechanical en- 
gineers, knowing film intimately, solve 
such problems for each other in return 
for their paychecks. 

Who needs it? Remember Oliver 
Wendell Holmes’ poem about the dea- 


con’s one-hoss shay that lasted 100 
years to the day because no part was 
first to give way. Radiographs show 
inhomogeneities, places where trouble 
gets its first foothold. With proof in 
hand that there aren’t any such, one 
needs little shay insurance, less extra 
weight as security against hidden weak- 
ness. Today, in the more advanced 
fields of endeavor, extra weight is in- 
tolerable for technical reasons. By re- 
ducing the waiting time for radiographs 
from 14% hours to 13 minutes, the 
X-Omat System ought to make extra 
weight economically intolerable too, 
in a pleasing number of instances. 


The Kodak Industrial X-Omat Proc- 
essor lists for $37,450. If you think you 
might buy one, write Eastman Kodak Com- 
pany, X-ray Division, Rochester 4, N. Y. 


The Brazilian trick 


There was this pair of Brazilians, and 
they had an idea. They knew that 
chloranilic acid has a vivid reddish- 
purple ion. But its silver salt is color- 
less and not very soluble. Silver chlor- 
anilate, however, is not nearly so in- 
soluble as silver chloride. 

This is where the Brazilians got their 
idea. Add silver chloranilate to a solu- 
tion containing chloride ions, and the 
latter will steal all the silver. Releasing 
free chloranilate ions! Which are red- 
dish-purple! And easy to measure 
colorimetrically ! 

Being proper scientists, the Brazil- 
ians published their idea. A fad started. 
Other chloranilate salts worked for 
other hard-to-measure colorless ions. 

When the clan gathered at last year’s 
Pittsburgh Conference on Analytical 
Chemistry, conversations on the chlor- 
anilate method were easy to start. In 
the interests of barium chloranilate 
(Eastman 7508, for sulfate) and mer- 
cury chloranilate (Eastman 7504, for 
chloride), we had an animated one 
going at our booth. Someone men- 
tioned fluoride ion. All present agreed 
that for fluoride you’d want strontium 
chloranilate—all except one chap. 
Everybody knows, he maintained, that 
for immobilizing fluoride ions the rare 
earth lanthanum is tops. At having 
overlooked such an apparently obvious 
fact of nature, we were forced to con- 
ceal our embarrassment. In our fluster 
we failed to note the name on his 
badge before losing sight of him in the 
crowd. 


This account explains the circumstances 
of our entry into the field of rare earth or- 


This is another advertisement where Eastman Kodak Company 
Probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 


Vol. 17, No. 5 - May, 1959 


ganic compounds with the offering of 2,5- 
Dichloro-3,6-dihydroxy-p-benzoquinone 
Lanthanum Salt as Eastman 7629 at $2 for 
5 grams. If you want the salt (or any of 
some 3700 Eastman Organic Chemicals in 
our latest catalog, List No. 41) you order 
from Distillation Products Industries, East- 
man Organic Chemicals Department, Roch- 
ester 3, N. Y. (Division of Eastman Kodak 
Company). 


Contest 





NEW: Kodak Linagraph 77 Paper. 
In one popular make of oscillo- 
graph(undoctored), it has recorded 
without break a line written on it 
by a spot of light moving at 
50,000 inches per second. 


ALSO NEW: Kodak Linagraph 44 
Paper, for any application of 
paper-eating oscillographs where 
extra blackness and contrast of 
the line are worth accepting one- 
fourth the speed of Linagraph 
77 Paper. 











Queerly enough this field, the very ex- 
istence of which is probably unknown 
to 99% of the population, is one in 
which corporate giants manfully smite 
each other hip and thigh with a vigor 
that even Detroit would enjoy. Now 
that we have rearmed ourselves with 
the two magnificent weapons named 
above, the mere innuendo that the foe 
can even approach us in generating 
customer satisfaction will cause our 
nostrils to flare. 

Technologically the problem _re- 
duces to the spreading of a superior 
light-sensitive emulsion in a superior 
manner on a superior paper stock thin 
enough to take longer recordings be- 
tween reloadings and strong enough to 
stand stabilization processing. This 
widely used and rapid but rigorous 
machine method we had the honor 
to invent. 

Anyone practicing paper oscillography 
would be cheating himself not to seize the 
opportunity afforded him (as a judge in the 
contest) to improve the appearance, read- 
ability, and reliability of the records he 
turns out. Either the Kodak dealer who 
regularly serves him or Photo Recording 
Methods Division, Eastman Kodak Com- 
pany, Rochester 4, N. Y., can furnish all 
pertinent details about Kodak Linagraph 
77 and 44 Papers. 


Prices stated are subject to 
change without notice. 
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LOOK TO TOBE FOR PROGRESS 















At the recent Geneva Atoms-For- 
Peace Conference, Los Alamos sci- 
entists unveiled Scylla—a fusion de- 
vice used to heat a plasma of ionized 
heavy hydrogen particles millions of 
degrees by blasting it with a 600,000- 
ampere thunderbolt. 


Surrounding the heart of this ther- 
monuclear machine is a bank of 
Tobe low-inductance, energy-storage 
capacitors...each rated at 100,000 
volts each capable of a 20,000 mega- 
watt peak surge. 


TOBE DEUTSCHMANN oe 
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600,000 
' amperes 
help harness 
| jH-power 











Why Tobe capacitors? Because only 
Tobe, with over 30 years of capaci- 
tor manufacturing experience, could 
meet the rigid design specifications 
set for the project. Tobe can -meet 
yours too. So, whether you need a 
bank of thermonuclear energy-stor- 
age capacitors or a miniaturized 
tubular, talk to Tobe. Our engineers 
speak your language. 


For further technical information 
or engineering aid, write Tobe- 
Deutschmann Corp. Norwood, Mass. 


CAPACITOR PIONEERS SINCE 1922 





| ing this time, periodic checks of the 
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| counting-rate-versus-voltage character- 


| istics showed no significant changes in 
| sensitivity or operating voltage range 


| 
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(“plateau”). The counter has under- 
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FIG. 3. Integral-bias curve with 2,000 
volts applied to counter and Ra-Be 
neutron source 


| gone standard Navy shock and vibra- 


tion tests without sustaining damage of 
any kind. 

Gamma discrimination. Although 
the counter is sensitive to gamma radi- 
ation, the pulses arising from incident 
photons are normally small enough to 
be biased out by the amplifier discrimi- 
nating circuits. 

The counter has been operated in 
gamma fluxes as high as 108 photons/ 
em2/sec using a Co® source. This level 
corresponds to ~230 r/hr. At this 
radiation level, the plateau is consider- 
ably shortened as shown in Fig. 5, but 
the instrument is still usable. Under 
more intense irradiation, the plateau 
disappears completely, as is apparent 
from the 1,150-r/hr curve. This dis- 
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FIG. 4. Counter multiplication curve; 
Po-Be neutron source 
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senior 
staff 
positions 


in areas of 











reactor 
physics 


chemistry 


metallurgy 


Nuclear Engineering: Core design; heat transfer and fluid flow; control systems and 
operational analysis; advanced reactor evaluation; mechanical design; process design. 
Reactor Physics: Theoretical methods development; experimental physics; advanced 
reactor analysis. 

Chemistry: Radiochemistry; chemical technology; inorganic and physical chemistry. 
Metallurgy: Nuclear fuels; reactor materials; irradiation effects. 

You will work with a highly experienced staff and a complete complex of nuclear 
facilities including a complete critical experiment laboratory, research reactor, high 
speed computers and an engineering prototype development facility. 

Located in the heart of Virginia’s beautiful Blue Ridge country, the Atomic Energy 
Division of The Babcock & Wilcox Company offers a challenging professional oppor- 
tunity plus pleasant suburban living. 

Please send resume or request for information to: 


W. F. Porter, Personnel Manager 
The Babcock & Wilcox Company 
Atomic Energy Division See Page 1 for description 


1201 Kemper Street of one phase of B&W’s 
Lynchburg, Va. nuclear activities. 


THE BABCOCK & WILCOX COMPANY 
ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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purity—and to offer the widest range. 






problem. 






THE RADIOCHEMICAL 






AMERSHAM, BUCKINGHAMSHIRE, 





A general view of one of the isotope laboratories. 


Wide 
resources and 
experience 


back 


RADIOCHEMIGALS 
from AMERSHAM 


New “active” laboratories at the Radiochemical Centre, backed 
by the resources and reactors of other U.K.A.E.A. establishments, 
now give us still greater facilities for making radiochemicals. 

Our ten years’ experience preparing labelled compounds on a 
large scale helps us to choose the best synthetic routes—to 


obtain the highest yields—to ensure chemical and radiochemical 


We serve biochemists, radiotherapists and diagnosticians, 
industrial chemists and many other tracer users. We 
are pleased to offer advice—and often make special 
labelled materials for their use. Write to Amersham 


for our general lists or tell us about your particular 


CENTRE 


ENGLAND 
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| tortion of the plateau results from small- 
| pulse pile-up in the amplifier and can be 
reduced by using a faster amplifier. 

Effect of high-intensity flux. In-pile 

tests have indicated that although the 
counter is inoperable during high-level 
\irradiation, it undergoes negligible 
| change in characteristics and sensitivity 
after prolonged irradiation at fluxes as 
high as 4 X 10° thermal neutrons/cm?/ 
sec and 3 X 104 r/hr gamma. 

The very-high-purity aluminum used 
in the construction of the counter re- 
sults in a low residual activity after 
such irradiation. However, at these 
levels it is necessary that the high volt- 
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FIG. 5. Counter characteristics in Co®® 
gamma field (paraffin-moderated Ra- 
Be neutron source). Dose rates are 
estimated to be within + 20% 


age be removed from the counter during 
the irradiation or permanent damage 
may be incurred. 

This effect of high voltage is at- 
tributed to release of free fluorine by 
BF; dissociation. Since fluorine is an 
electronegative gas, the result is a re- 
duction in pulse height and a broader 
height distribution. These two effects 
are evidenced in damaged counters by 
an increase in operating voltage and a 
greater slope in the plateau region of 
the voltage-versus-counting-rate curve. 

To verify the presence of a noncon- 
densable impurity, such as fluorine, the 
contents of an experimental counter 
that had been damaged were condensed 
at the temperature of liquid nitrogen 
and the residue pumped out. After 
this procedure the counter regained its 














original characteristics. (Cont.) 
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At this moment K&M precision valves are on-stream in some of the “hottest” lines in 
the country. It is their job to keep a sure and steady hand on the flow of radioactive fluids 
in shipboard and land-based installations. It is K&M’s job to make certain that each of 
these valves meets the exacting specifications for this most critical service. To do it, K&M 
uses radiographic inspection, high-temperature helium leak testing and more than eight 
hundred separate dimensional check-outs. You, too, can benefit from K&M’s unfailingly 
high standards of quality and craftsmanship the very next time you consider the purchase 


of a valve for fluid control. The thing to remember is the name: Kieley & Mueller, Inc. 


KIELEY & MUELLER, INCORPORATED 





F Our 79th Year Ai \ Oldest Pressure and Level Control Valve Manufacturer 
> - 64 Genung Street, Middletown, New York 
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at your service to supply and de- | 
contaminate protective clothing | 
for companies in the nuclear field 
throughout the United States. 





«service when and where you want it 


oe «+ garments maintained in A-1 shape at 
all times 


eee garments to meet your specifications 





eee save time, effort, bother and money 


«e+e arrangements made for purchase of | 
equipment and supplies 


Interstate is qualified 


to. handle both radioactive 





; | 
and toxic materials , 


AEC Licensed 





in Fig. 1. 
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Damage has been observed when the 
center wire of the counter was left 
“floating” during the irradiation. The 
damage is not as severe, however, as 
that which occurs when the high volt- 
age is connected. Shorting the center 
wire to the body directly or through 
some low resistance reduces the effect 
still further. 





of W. E. Sturtz, of this division, for develop 
ing the assembly procedure and for assembling 
most of the counters used in these experiments, 
Also, we wish to thank R. A. Firedel and 
A. G. Sharkey, Jr., of the U. S. Bureau of 
Mines for their numerous mass-spectrometer 
analyses and interpretations and the many 


helpful suggestions they have made. This 
work was performed under the auspices of the 
U. S. Atomic Energy Commission. 


BIBLIOGRAPHY 


1. I. L. Fowler, P. R. Tunnicliffe, Rev. Sci. Instr. 
21, 734 (1950) 

2. V. Cocconi Tongiorgi, 8S. Hayakawa, M. Widg- 
off, Rev. Sci. Instr. 22, 899 (1951) 
















































































nates 2 3. F. Hudswell, J. S. Nairn, K. L. Wilkinson, 
The authors gratefully acknowledge the help AERE C/R 651 
: : |» Print out of 
. a. counter data 
Pulse inputB | = PUT Digitol 
amplifier meter recorder 
4 
Neutron counter = 
a Reloy translator 
Electronic = 
timer Bl 
CSET EI 
! \ 
Printout of 9 1 Digitol {8 IBM cord 
period and . ) punch 
reactivity results t { 
bosccek ag 


FIG. 1. 











System for automatically recording reactor period and reactivity 


Inexpensive, Automatic System 


for Recording Reactor Data 


By ARLAND L. MACKINNEY and 


RUSSELL M. BALL 


The Babcock and Wilcox Company, Lynchburg, Virginia 


The system described here takes a 
neutron-counter output and automati- 
cally prints out the reactor period and 
reactivity. 

The system components are shown 
The measuring equipment 
consists of a Berkeley EPUT* meter 
(model 7361) with its associated digital 
recorder. The crystal within the 
EPUT meter controls the length of the 
interval during which fission-counter 
pulses are admitted to the scaling cir- 
cuits. The equipment then prints out 





* Events per unit time (registered trade- 


| mark). 


the recorded counts and simultaneously 
punches the data into an IBM card 
through the relay translator (Fig. 2). 
A pulse from a second scaler counting 
60-cps line voltage then initiates a new 
cycle automatically with a preset time 
interval between counting groups. A 
spare position on the function switch 
of the EPUT meter was wired to per- 
mit this mode of operation. 

The IBM card punch (type 024) pro- 
vides considerable flexibility for a small 
laboratory. This keyboard machine 
can also be used manually to punch 
such data as time codes, distances or 
identification numbers, as well as to 
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This Sandusky Centrifugal Casting—one of 
four produced for Westinghouse Atomic 
Equipment Department—meets radio- 
intergranular corrosion, 
other rigorous chemical and physical tests. 


graphic, 


©) 
SANDUSKY 
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SANDUSKY 
“CASTING . 












and all 


Specified by Westinghouse for 4 canned 
motor pumps soon to be integral parts 
of reactor system in Yankee Atomic 
Electric Plant in Rowe, Massachusetts 


One king-size 17-ton Sandusky casting 
supplied the main motor bodies (stator 
shells) for the four pumps being built by 
Westinghouse, each to handle 23,600 g.p.m. 
of pressurized water through the reactor 
core. 

The 25-foot-long Sandusky casting was 
centrifugally spun of a modified CF-8 
(Type 304 L) stainless steel, then ma- 
chined by Sandusky to a 3” wall thickness, 
3144” on the O.D. This huge casting was 


— 





nn 4 giant stator shells 


hydrostatically tested to 3800 psi before 
being sectioned into four 68” lengths. 

These stator shells represent another 
new and exacting application for Sandusky 
Centrifugal Castings—which may offer a 
practical and economical answer to your 
cylindrical requirements also. They are 
available in diameters from 7” to 54”—in 
lengths up to 33 feet—in heat- and cor- 
rosion-resistant stainless, carbon and low- 
alloy steels and a wide range of copper-base 
and nickel-base alloys. 

Let us show you how Sandusky Cen- 
trifugal Castings can help solve your 
cylindrical problems. Write to us at San- 
dusky, Ohio. 


| CENTRIFUGAL CASTINGS 


FOUNDRY & MACHINE Co. 


SANDUSKY, OHIO Stainless, Carbon, Low-Alloy Steels —Full Range Copper-Base, Nickel-Base Alloys 
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NUCLEAR 


DESIGN, FABRICATION 
AND FIELD ERECTION 


by Fttterson | 


Your requirements for pressure 
vessels, heat exchangers, piping 
and general nuclear systems will 
find creative handling at Patterson 
—one of the world’s leading de- 
signers and builders of process 
equipment. 

As specialists in the fabrication 
of stainless steel and other alloys, 
with craftsmanship of the highest 
order, we invite you to avail your- 
self of our broad responsibility 
and 94-year experience — either 
for segments of your nuclear sys- 
tems, or erection of complete facil- 
ities and installation of all equip- 
ment. Write, phone or wire for 
prompt consultation. 


THE féiterson FOUNDRY 
AND MACHINE COMPANY 
East Liverpool, Ohio 


A DIVISION OF 
@OFERRO CORPORATIONG 
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prepare input cards for other codes. 

The translator consists of a bank of 
ten relays. Each relay 10,000- 
ohm plate circuit type and is wired in 
series with a 6.8k resistor. The relay 
coils are connected to the printing sole- 
noids of a digital printer, and the nor- 
mally open contacts have been wired 
into the IBM card-punch machine. 
Since some of the equipment available 
energizes the ‘9’ printing solenoid 


is a 


| each time any of the solenoids is ener- 


| gized, the normally closed contacts of 
| each relay are used to prevent the digit 


To IBM card punch 


deledldglalelal 











From digital recorder 


FIG. 2. Relay translator; signals from 
digital recorder are converted to form 
suitable for card puncher 


“9” from punching into the card when 
another digit is punched. For the 
IBM machine to operate properly, the 
relay must be closed not less than 5 
msec nor longer than 35 msec with a 
repetition rate of less than 10 pulses, 


sec. The equipment in use at this 


laboratory keeps the relays closed from | 


12 to 25 msec. 

The machine code used to analyze 
the reactor-period data fits logarithms 
of the ratios $;/@o to a straight line by 
linear least squares, and the resultant 
slope is introduced directly into the 
inhour equation. The print-out thus 
lists the best-fit period and the corre- 
sponding reactivity foreach case. The 
only precautions that must be observed 
in taking the data are that the reactor 
must be on the asymptotic period when 
data taking is initiated, and the data 
taking must be terminated when the 
counter has reached the limit of linear 


response. 
Figure 3 shows data from a critical- 
assembly measurement. The period 


determined from this measurement was 
105.2 sec, corresponding to a reactivity, 
for this core, of 8.98 cents. 


The use of such a system for period | 













yo For internal \ 
visual inspection 
/ from a few inches to 


85 feet in length 
Wide field of view 
Interchangeable heads 
for varying angle 
of view 
Standard models for 
most inspections 
Y Special designs 
readily fabricated 

\ from stock wae 4 
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For remote 
observation of 
inaccessible places 
for hazardous 
processes 


Designed for 

specific applications 

in any length, . 
diameter, d 

field of view. 

or magnification 


/ 
i 
! 
: 
1 
\ 


Describe your 
problem fully. Give 
diameter, length, 
irregularities and 
other particulars 
Drawings helpful 


LENOX Instrument Co. 


2013 Chancellor Street + Phila. 3, Pa. 
Phone: Rittenhouse 6-6653 
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NEW! BENDIX 


200m 


DOSIMETER 


*& MEASURES INTEGRATED EXPOSURES 
TO X AND GAMMA RAYS 


wk CONVENIENTLY CARRIED FOR 
PERSONNEL MONITORING 


* PROVIDES EASY DIRECT READING 


Product of famous Bendix precision 
+ craftsmanship, this 200mr Dosimeter 
offers the utmost quality and reli- 
ability. Weighs less than 1/4 ounces. 
Only 4%" long and 1%" in diameter. 
Highly shock resistant. Write BENDIX 
G5, 3130 


AVIATION CORP., Dept. 


Wasson Road, Cincinnati 8, Ohio. 
Cincinnati Division 


Cincinnati, Ohio 





4 Canadian Sales: Computing Devices of Canada, Ltd., 
; Box Ottawa 4, Ontario. Export Sales: Bendix 
International, 205 E. 42nd Street, New York 17, N.Y. 





May, 1959 - NUCLEONICS 














The atomic fuel pellet (left) was 
fabricated from uranium oxide, 
produced a new way by Spencer 
Chemical Company, for use in 







New from Spencer Chemical Company: 









atomic power reactors.* 


A Superior Process for Converting 
Uranium to Nuclear Grade Fuel 


A unique system has been developed by Spencer 
Chemical Company that makes possible the con- 
version of two grades of uniformly pure uranium 
oxide powder from three uranium sources. The 
two grades are: 


1. Ceramic grade that will sinter to a fired 
density of 10.5 grams per cc. 


2. High-fired, non-sinterable uranium oxide 
which can be swaged to a density of 10.2 
grams per cc. 


The purity of these grades will exceed the total 
thermal neutron capture cross-section of 75 x 


10-5/em. This uranium oxide can be converted 
from such diverse sources as: 


1. Mill concentrates (“yellow cake”). 
2. Uranium hexafluoride. 
3. Scrap. 


This new Spencer process can handle all enrich- 
ments, including full-enriched. In addition, it 
can produce all other chemical forms of uranium 
that can be derived from the oxide. For details 
contact Spencer Chemical Company, Nuclear 
Fuels Department, Dwight Building, Kansas 
City 5, Missouri. 


*The Dresden Nuclear Power Station, Illinois 


SPENCER URANIUM OXIDE 


A Product Of 








SPENCER 


Spencer Chemical Company 
l < _ America’s Growing Name In Chemicals 


General Offices: Dwight Building, Kansas City 5, Missouri 












COPES-VULCAN 


nuclear valves at 


ENRICO FERMI 


atomic power plant 


This liquid sodium valve is one of three 
Copes-Vulcan has furnished to serve as 
throttling devices in the blanket feed lines 
at the Enrico Fermi plant. 

In leak tightness of stem, resistance to 
corrosion, full-safe operation and remote 


maintenance these valves meet the rigid | 
requirements demanded by primary-fluid | 


nuclear service. 


A new high in quality control. All 


welds were made by an inert arc, full | 


penetration method to assure 100% integ- 
rity of the metal. Each root pass and 
completed weld was dye checked, each 
completed weld x-rayed. All sub-assem- 


blies and each final assembly were leak | 


tested hydraulically. Each valve was then 


disassembled, cleaned, reassembled, in- | 


spected by a mass spectrometer and sealed 
for shipment. 

Extensive hydrostatic testing facilities 
at Copes-Vulcan include a hot test loop 
that will pass up to 50 gpm at 2500 psig 
and 600°F. Two cold test loops have 200- 
gpm and 800-gpm capacities. 


Nuclear valves for submarines, car- 
riers, atomic plants and test reactors. 
For all these vanguard projects, Copes- 
Vulcan is building valves. Here’s real proof 
of the acceptance of Copes-Vulcan’s skill 
and integrity in a field where precision is 
a critical requirement. Write for details. 


Valves are “canned” with the inner assembly 
placed in a sealed container from which it can 
be removed by an automatic manipulator with- 
out draining the system. 


Copes-Vulcan Division 
BLAW-KNOX COMPANY 
Erie 4, Pennsylvania 
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AND MEASUREMENTS 


This article starts on page 128 











evaluation offers accurate measure- 
ments, as the counting interval is con- 
trolled within a few parts in a million, 
and the length of time between count- 
ing intervals is controlled within the 
accuracy in frequency in 60-cps line 
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FIG. 3. Period of 105.2 sec for a criti- 
cal assembly was determined from 
least-squares fit for this data 


Accuracy of the counting system may 
be improved by using a highly accurate 
crystal oscillator to provide the timing 
pulses. Also, a more extensive modifi- 
cation of the EPUT meter would per- 
mit the same instrument to be used for 
timing the initiation of each counting 
interval, as well as timing the length of 
the counting interval. 

The over-all accuracy in the measure- 
ment is also dependent on counting 
statistics as well as the number of points 
taken. In the measurements discussed 
here, the over-all statistical accuracy 
15%. However, by improving 
the timing system as just mentioned 
and optimizing counting statistics, the 
technique would permit accuracies of 
the order of tenths of a per cent. 

Other advantages are that the 
method removes subjective evaluations 
of recorder curves or timing and makes 
the period-reactivity conversion 
simpler. 

Using this equipment, a small Jabo- 
ratory can automate data taking from 
other sources, such as foil counting, at a 
relatively low rental cost. 


was 























* * * 





The data-reduction codes were written for 
the B&W digital computer by P. N. Colpo and 
T. G. Pitts of The Babcock and Wilcoz Co. 
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. « « news about metals and metal chemicals 














METALS 








Electromet ferroalloys, 
pure metals and metal chemic 


Slip-casting -=- a method almost as old as the potter's wheel for shaping 
ceramics -- may help solve some modern metal fabricating problems. At UCM's Metals 
Research Laboratories, tungsten, molybdenum disilicide, and other intractable 
metals and intermetallics are being slip cast into intricate shapes with close 
tolerances. The ease with which powdered molybdenum disilicide can be slip cast, 
for instance, suggests its use as a structural material in missiles and rockets. 
High-temperature oxidation resistance and a high melting point (2030°C: 3686°F) 
qualify this refractory material for hypersonic vehicle applications. For more 
information write for Bulletin MD l-N. 

* * oe 


The largest columbium ingot ever formed, made from UCM material, was 
recently melted by the Refractomet Division of Universal-Cyclops Steel Corporation. 
Weighing 345 pounds, the ingot measured 19 inches long and 9 1/2 inches in diameter. 
This has been successfully rolled into sheets as long as 170 inches, in widths from 
16 to 36 inches, and in gauges from 0.02 to 0.06 inches. Thinner gauges are in 
prospect. This joint effort effectively demonstrates the feasibility of producing 
columbium on a commercial scale. Write for Bulletin CB l=N. 

OK % * ‘ 

















Among UCM's new industrial metal chemicals are vanadium dichloride, 
vanadium trichloride, vanadium oxytrichloride, and vanadium tetrachloride. 
The polyolefin industry is evaluating these high purity compounds in producing 
new synthetic rubber products. The pharmaceutical industry, also, is studying them 
as reducing agents in organic reactions. Highly reactive, the vanadium chlorides 
can also be used to manufacture organometallic compounds. UCM's technical 




















background and experience with vanadium metal -- over a ten-year period -- 
give investigators in this area a distinct advantage. Write for Bulletin MC l1-N. 
~*~ * * 


Union Carbide Metals Company has begun production of titanium carbide 
on a semi-commercial scale. This high-melting-point compound has several known 
and potential applications. As an important additive in tungsten carbide 
cutting tools, titanium carbide improves resistance to oxidation and erosion. 
It is also being used for high-speed cutting tools as a base material in cermet 
compositions. Titanium carbide's resistance to corrosion by molten aluminum and 
ecryolite recommend it as a potential cathode material in aluminum reduction cells. 
UCM also produces titanium metal and several other titanium compounds. 
Write for Bulletin TC l-N. 











ok * *x 
Demand mounted during 1958 for vanadium metal with low content of oxygen, 
nitrogen, and carbon. The major contribution to the increased demand for vanadium 
were A. E. C. applications. Notable quantities, however, are also being used as 
melting stock in vacuum melting. Write for Bulletin VM l-N. 
* oa om 
A large boule of transistor-grade silicon, produced by General Electric 
from UCM's purified silicon, was exhibited recently at the National Metal Exposition 
in Cleveland. This boule, measuring 4 in. long by 1 in. max. diam. and weighing 
2 3/8 oz., contained enough silicon to make several thousand transistors. 
Write for Bulletin SM l-N. 











* * * 


Union Carbide Metals Company, Division of Union Carbide Corporation, 
P.0. Box 330, Niagara Falls, N. Y. 


The terms ‘‘Electromet’’ and ‘‘Union Carbide’’ are registered trade marks of Union Carbide Corporation 





Ae M VALVES 





FOR THE 
ATOMIC 
INDUSTRY 


Special valves, manufactured 
by Atwood and Morrill Com- 
pany for the Atomic Industry, 
are described in a new bro- 
chure available to engineers 
and designers. Valves outlined 
in this brochure include: main 
coolant pump check valves; 
air operated valves; cylinder 
operated valves; stop check 
valves; stop valves; check 
valves; relief valves; steam 
control valves; and other spe- 
cial valves. 

Atwood and Morrill Com- 
pany, a pioneer valve manu- 
facturer in the Atomic In- 
dustry, has a special Nuclear 
Facilities Section devoted ex- 
clusively to research, design 
and production of valves for 
nuclear applications. A & M 
engineers are always ready to 
meet with designers and engi- 
neers to discuss their specific 
requirements. 


Write for your copy of the 
A&M Atomic Brochure today! 


ATWOOD and MORRILL CO. 


Engineers - Designers 
Manufacturers 
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Simplified Air-Sampling Method 


By ROBERT D. THOMAS* 
Materials Laboratory 
Wright Air Development Center 


Wright-Patterson Air Force Base, Ohio 


A fast, accurate and simple air sam- 
pler for particulate contaminants is 
provided by electrostatically precipi- 
tating the particulates on the sampler- 
tube wall, converting the tube to an 
ionization chamber and fitting it to an 
electrometer and recording the current 
with a strip-chart recorder. 

Previously, particulate matter was 
collected on aluminum foil inside the 
electrostatic-precipitator sampler tube. 
The foil was then cut into small squares 
and counted in a gas-flow proportional 
counter. This procedure took about 
1 hr to prepare the counting samples 
and 1 hr to count them. 

In the new method, the sampling 
tube is cleaned in 10% nitric acid. A 
high voltage, 15,000 volts, is impressed 
on an electrode centrally located in the 
tube, and air is drawn through at 
3 ft?/min. The particulate matter is 
precipitated directly on the tube wall. 

After a predetermined sampling time, 
the tube is removed and the ends 
capped—one end fitted with an elec- 
trode centered in the tube (Fig. 1). 
The base of the insulated cap fits into 
the head of a vibrating-reed electrome- 
ter (Fig. 2). Contact is made with the 
tube electrode through a calibrated 
10'2-ohm glass resistor. A positive po- 
tential of 300 volts on the electrode 
ensures a complete saturation current. 


Nuclear Technol- 
Northrop Corp., 


* PRESENT ADDRESS: 
ogy, Norair Division, 
Hawthorne, Calif. 


FIG. 1. Sampling tube with adapters 
for counting 


The ionization-chamber current is re- 
corded on a 1-ma strip-chart recorder 
connected to the electrometer. The 
recorded current is directly propor- 
tional to the amount of radioactive 
material deposited on the sample-tube 
wall. Some typical sample counts are 
listed in the table. 

An advantage of this method is the 
ease of calibration. This can be done 
by depositing a known quantity of 
radioactive material on aluminum foil 
and placing the foil in the sample tube. 
The accuracy range for unknown sam- 
ples is +2.0% of the known values. 

Two factors contribute to the effi- 
ciency of the method: (1) As the air 
passes through the sampling tube, the 
larger particles are precipitated first. 
This size distribution minimizes self- 
absorption. (2) A 2x geometry is 
obtained when the sample is deposited 
in thin layers. Continued 





Typical Air-Sampling Data 





Sampling time 


Isotope (min) 


Air volume 


(ml) 


Radioactivity 
(we/ml) 


Meter reading 
(mv) 








60 
180 
60 


U238 
Room air 
(Rn + drs) 
60 
60 
30 
0.5 


2.24 X 10-" 
oie ea 
.00 X 10-" 


4.70 X 10-” 
6.70 X 10-" 
1.88 X 10~° 
1 


840 .13 X 10-7 
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NUCLEAR NEWSLETTER wrtwneres 








Progress Report on nuclear activities at Worthington, including work on primary and secondary 
cycle equipment, packaged power plants for the military, equipment for both Navy and 
commercial ships, and central station power plants: 


Water-lubricated bearings used in primary circuits of nuclear power plants 
are now proven. Exhaustive tests up to 12,000 rpm were recently concluded 
successfully. Work now under way on turbine-driven units will completely 
eliminate oil contamination in reactor systems. 


Self-contained “packaged” power reactor designed to operate continu- 
ously for 3 years with a single fuel loading has a Worthington turbine 
generator. Known as the Argonne Low Power Reactor,:the 300 kw geared 
unit is in a prototype plant for use in remote areas. 


Add to Worthington “firsts” installation of the world’s largest steam con- 
denser especially designed for nuclear power. Location is the Common- 
wealth Edison Company’s Dresden Nuclear Power Plant near Chicago. 
The 120,000 sq. ft. unit will condense over a million and a half pounds of 
steam per hour, use 25 million gallons of water per day for one of the free 
world’s privately financed atomic reactors. 





Polaris Program: Worthington is furnishing all high-pressure compressors 
for this recent crash program. Polaris is the name given to the Navy’s 
top-priority ballistic missile carrying nuclear submarine project. 


N. S. S. Savannah (first nuclear merchant vessel) will go to sea with 
Worthington reactor system charging pumps, many other items of second- 
ary cycle and ship’s equipment. 


Participation in informal study groups with reactor builders, architect- 
engineers and government agencies has added to Worthington’s nuclear 
‘‘know how’’. From these studies come improvements in products and 
cycles, new basic ideas. 







Production experience has resulted in a new article on the Art of Manu- 
facturing Nuclear Components. Now published, a copy is yours simply by 
writing: Worthington Corporation, Section 106-1, Harrison, New Jersey. 






WORTHINGTON 


Quality with your budget first 








e\GON612 


LIQUID SCINTILLATION COUNTER) 


LOW IN COST 
GADGET- FREE 
EFFICIENT 
PROVEN IN USE... 


1] Measurement of low energy beta emit- 
ters, such as Carbon 14 and Tritium pre- 
sents no difficulties with this newest EKCO 
counter. Can be used with any scaler or 
ratemeter providing the necessary power 
requirements. No additional amplifier 
needed. 


2 The sample, either dissolved in the 
liquid phosphor such as diphenyloxazole in 
toluene (PPO) or suspended in a ‘gel’ (PPO- 
Thixcin), is prepared in the sample container. 


3 An interlocking shutter permits the 
measurement to be carried out under normal 
room lighting conditions. 


A With the addition of cooling to about 
—20°C. either by cold room or deep freeze, 
the background noise is reduced to levels 
which permit efficiency up to 90% for 
Carbon 14 and well above 10% for Tritium 
measurements. 


5 The sample chamber is shielded against 
external radiation by 2.5 cm. of lead. 


Write today for price and delivery 
information on the N612 Scintilla- 
tion Counter above or as part of 
complete low-cost counting system 
using the latest EKCO Scaler or 
Ratemeter. Full technical informa- 
tion will be sent upon receipt of 
your request. 
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Cross-section of the N612 scintillation counter 


showing sample pot in position 


erroneous current readings. 


INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 134 


EVEREADY 


7 mime may * 
pavrer 


FIG. 2. Counting arrangement with 
sampling tube fitted to electrometer 


Only one disadvantage is inherent in 
method—the charge-soaking-in 


effect of the large insulator of the 


which can give 
This ef- 
fect can be avoided by placing the 
charging potential across the insulator 
for 1 hr before use, 
The apparatus is quite portable and 
durable, so that it could be used in a 
mobile unit for field surveys. 


counting chamber, 





EDITOR 
WANTED 


for responsible, full-time position 
on editorial staff of 


NUCLEONICS 


@ Engineer @ 








with work experience in reactor 
technology. Challenging oppor- 
tunity to keep in close touch 
with entire nuclear power field. 


Send resume, salary 








EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
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For further information on Cobalt 60, or the 
design and construction of sources and irradiators, 
please write to: 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93, Ottawa, Canada 
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Epitor’s Note: Some time ago we re- 
ceived an article by R. G. Trout of Peer- 
less Pump Div., Food Machinery & 
Chemical Corp., entitled ‘‘ Design of 
Limited-Leakage Pumps for Nuclear 
Service.” The arguments given by Mr. 
Trout for using limited-leakage pumps 
instead of canned-motor pumps in reac- 
tor-primary-coolant systems so intrigued 
us that we dug into our files to see what 
others had to say on the same subject (and 
sent Mr. Trout’s article to Robert Brodsky 
of Omega Engineering Co. and P. E. 
Bissonette of Knolls Atomic Power Labo- 
ratory for review). In our files we found 
an article by A. F. Erwin that appeared 
in the Allis-Chalmers Electrical Review 
and a paper by Carl Blom of Byron 
Jackson Pumps, Inc. From all of these 
sources, we have put together the following 
round-table discussion that could have, 
but hasn’t, taken place. 


Carl. The hydraulic requirements of 
reactor circulating pumps are not too 
severe. Pumps have been developed 
by industry to meet similar require- 
ments. What makes the design and 
manufacture of reactor pumps difficult 
and costly is the demand for ‘zero 
leakage” and the limited selection of 
materials. The zero-leakage require- 
ment means that the motor and the 
pumping element have to be designed 
together to form a hermetically sealed 
unit. To conform with the present 
desire to develop economical power re- 
actors, it will be necessary, I believe, to 
reduce the cost of the circulating-pump 
units. A major cost reduction would 
be possible if the present rigid pump 
specifications could be changed to per- 
mit a small amount of leakage and to 
use lower-cost materials. 

We are here considering two types of 
pumps. The zero-leakage, hermeti- 
cally sealed type is the canned-motor 


NUCLEAR ENGINEERING 








Limited-Leakage vs. Canned-Motor Pumps 





TABLE 1—Limited-Leakage vs. Canned-Rotor Pump Cost 











Initial cost 











Pressure Head Capacity Motor — 
(psi) (ft) (gpm) (rpm) Canned rotor Limited leakage 
2,500 356 4,500 3,500 137 100 
2,500 250 500 3,500 160 100 
1,000 356 4,500 3,500 142 100 
1,000 250 500 3,500 160 100 
1,000 60 9,000 1,160 146 100 
1,000 150 10,000 1,760 159 100 





pump. The other type is the limited- 
leakage pump. A canned-motor pump 
is one that has a cylindrical can enclos- 
ing the rotor and motor bearings and is 
filled with the pumped liquid. The 
part of the can in the “‘air gap”’ is called 
the liner and is of nonmagnetic material 
having a thickness of from 0.020 to 
0.050 in. Asa protection in case of the 
rupture of the liner, the outside motor 
shell and motor terminals have been 





TABLE 2—Relative Pump Costs 








Canned- Mechanical 
Material motor seal 
Stainless steel 100 50 
Low-carbon steel 75 40 





designed to withstand full system pres- 
sure. In addition, the liner is seal- 
welded to the motor shell, and the motor 
windings are wound with class “H” 
insulation. The limited-leakage type 
is a conventional shaft-seal pump with 
a standard motor. 


Dick. One of the primary advantages 





TABLE 3—Over-All Comparison of Limited-Leakage and Canned-Rotor Pumps 








Type Installed cost Efficiency Reliability Cost of failure 
Canned-rotor high moderate proved extreme 
Limited-leakage moderate high ? low 
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of the limited-leakage pump is its lower 
cost. Here isa tabulation (see Table 1) 
of the relative cost of canned-rotor 
pumps and limited-leakage pumps with 
identical heads and capacities. The 
limited-leakage-pump costs include 
motors with class ‘‘H” windings. 


Carl. There’s no argument here. 
For pumps of stainless-steel construc- 
tion, the cost of a canned-motor pump 
can be as much as two times that of a 
mechanical-seal unit. If low-carbon 
steel could be used, however, the unit 
cost and difference would be materially 
less. For instance, here is a tabulation 
(see Table 2) showing an approximate 
cost comparison between a canned- 
motor pump and a standard-motor, 
mechanical-seal pump, both having 
300-hp, 1,800-rpm motors for a single 
stage at 2,000 psi suction pressure. 
You can see the difference. 


Dick. Yes, I see what youmean, An- 
other advantage of the limited-leakage 
pump is its over-all efficiency. With 
considerable pumping power involved, 
it is obvious that canned-rotor motors 
with large air gaps, and material in that 
air gap, cannot translate electric power 
into mechanical power as efficiently as 
conventional motors. Motor efficien- 
cies of 92-94% are common with large 
conventional motors, whereas canned- 
rotor motor efficiencies run to about 
85%. Therefore, if the pumping ele- 
ments are equally efficient, the differ- 
ence lies in the motor efficiency. 


Carl. The efficiency of a canned motor 
is low compared with a standard motor, 
mainly, as you said, because of the liner 
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tungsten 


molybdenum 


columbium 


tantalum 
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zirconium 


hafnium 
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... gives you three big advantages 
in superior high purity reactive 
and refractory metals 


@ MAXIMUM ECONOMY -— You save money when you buy superior Wah 
Chang Corporation metals. By controlling all stages from mine to market, WCC 
eliminates unnecessary steps . . . and unnecessary markup. 


@ ULTIMATE PURITY —Electron Beam Vacuum Melting delivers the utmost 
in purity in refining these metals . . . and a close-inspection quality control 
system extending through all stages assures ultimate purity in the finished product. 


® INDIVIDUAL CUSTOMIZING—WCC mine-to-market control also 


assures you of custom-tailoring to your individual needs . . . at any stage in the process. 





You buy more than high purity metals when you buy from the Wah Chang Corporation. 
You buy skilled technical assistance . . . metallurgical knowledge that stems from 

41 years of experience. 

For detailed information, write to: 


WAH CHANG CORPORATION 


233 Broadway, New York 7, N. Y. Cable Address: “WAHCHANG” New York 
BRINGING TOMORROW CLOSER WITH NEW METALS 
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Some of Bendix’ contributions to com- 
mercial and military nuclear projects are 
listed here to give you an idea of our 
growing activity in the ‘‘atom business’’: 

We supplied control rod drive mechan- 
isms for the great Shippingport reactor, 
the first full-scale atom power plant in the 
U. S. designed for civilian needs. These 
mechanisms enable precise control for the 
position of the hafnium 
control rods which regulate —z— —— 
the amount of power pro- 
duced. We are also associ- 
ated in the development of the reactor 
being built to supply power to the 
Detroit Edison system. 

We are manufacturing control rod 


drive mechanisms 
a WS, for the prototype of 
ee ae nuclear pro- 
es pulsion plant for 
the Navy’s nuclear-powered surface ship 
being built at the U. S. Atomic Energy 
Commission’s naval reactor facility in 
Idaho; also for the Navy’s first nuclear- 
powered guided-missile- 
firing cruiser USS Long — 
Beach and for several 











—————— 





A view of the heart of a full-scale model of the great Shipping- 
port nuclear power reactor at Pittsburgh. The Westinghouse 
Electric Corp. designed and developed its nuclear portion. 







SS 


nuclear-powered sub- |= —_——>>\__ 


A thousand products 


/ marines. These develop- 
ments are directed by the 
Naval Reactors Branch of 
the AEC. In addition we are 
developing the control rod mechanisms 
for an AEC nuclear-powered rocket 
project. 

We are also supplying the new nuclear- 
powered U. S. Navy destroyer with tran- 
sistorized nuclear instrumentation. 

We are building a nuclear research 
reactor, somewhat similar to the model 
pictured on the right, for the Atomic 
Energy Commission for use 
in connection with the 
nuclear aircraft propulsion 
project. We are also perform- 
ing radiation damage tests 
for the Air Force. 

We are supplying transistorized nuclear 
instrumentation to the Army Package 
Power Reactor at Fort Belvoir. This 
project deals with reactors to supply all 
power requirements in remote locations 
such as the Arctic where fuel is lacking. 

We have developed a new type “cut- 
off switch” for the large 
research reactor being built 
for the new National Aero- 





AVIATION CORPORATION 








Fisher Bldg., Detroit 2, Mich. 





Bendix built the control rod drive mechanisms which are 
located inside the tubes shown above. Reactor control rods 
are used to control the atom splitting, heat producing process. 


BENDIX REPORTS ON SOME OF ITS ATOMIC PROJECTS 


WATER-FILLED 
POOL 





Cutaway of Bendix research reactor. 


nautics and Space Agency. Transistorized 
for reliability, it will warn of any 
abnormal condition and automatically 
shut down the reactor, if safety requires it. 

For more than nine years we have held 
a prime contract to operate the Kansas 
City Division, a very large AEC facility, 
devoted to the atomic weapons program. 

We make many specialized nuclear 
instruments and have delivered thousands 
of pocket size radiation detectors. 

We invite you to write if you have 
problems involving nuclear controls, 
instrumentation, fuel ¢lements, research 
reactors, or other nuclear problems. 


a million ideas 


Bendix International Division, 
205 E. 42nd Street, New York 17, N. Y. 
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loss but also, although to a lesser de- 
gree, because of rotor friction loss, 
which is higher in a canned-motor 
pump than in a mechanical-seal pump. 


Dick. There is also the cost of pump 
failure to consider. Bearing wear re- 
duces rotor-to-stator clearance and, if 
not detected in time, can cause rubbing 
and subsequent failure. A rupture of 
the rotor or stator can in a canned 
motor will destroy the entire motor. 


Paul. Rupture of the rotor or stator 
can doesn’t necessarily destroy the 
complete motor, although it is likely 
to—it depends on the type of failure 
and how soon it is detected. 


Dick. That’s true, of course; however, 
very large expenses are involved in the 
replacement of the unit if a failure does 
destroy the complete motor. Fluid 
containment, of course, is complete, 
but the pump is totally inoperative be- 
cause of driver failure. On the other 
hand, failure of a limited-leakage pump 
will eventually occur in either the seal 
or, zradually, in the bearings. Com- 
plete containment in case of seal failure 


is impossible, but throttle devices re- 


stricting leakage to about 25 gpm|j 


easily can be incorporated in the design 
of the seal. The leakage can be caught 
in piping and either fed back into the 
coolant loop or to the waste-disposal 
system. Furthermore, the pump can 
continue to run without further damage 
until valves are closed or the system is 
shutdown. Also, flow can continue for 
a limited period of time, if necessary, 
to take care of decay heat. In addi- 
tion, field replacement and repair of 
seals and bearings and other compo- 
nents are accomplished more easily with 
the limited-leakage pump. Mainte- 
nance of canned-rotor pumps requires 
that they be returned to the factory. 


Bob. I disagree with youhere. Main- 
tenance of a canned-rotor pump can be 
accomplished in the field. Also, re- 
placing a seal ona limited-leakage pump 
can be more difficult and time consum- | 
ing than replacing a rotor in a canned- | 
rotor pump. Shaft alignment of a) 
limited-leakage pump can be a difficult | 
problem compared to the installation | 
of a new rotor in the hermetically sealed | 
pump. In addition, it hasn’t been | 
mentioned that failure of a canned-| 


| 








TABLE 4—Survey of Reactor Primary-Coolant Pumps 














Reactor: Borax-4 EBWR_ APPR-1 VBWR Shippingport 
Type: boiling- _boiling- pressurized- _boiling- pressurized- 
water water water water water 
Thermal output: 15.5 Mw 20 Mw 10 Mw 30 Mw 231 Mw 
Coolant temp. 
inlet: 207° F 110°F 431° F 100° F 507° F 
-outlet: 419° F 488° F 450° F 545° F 539° F 
Pressure: 300 psi 600 psig 1,200 psia 1,000 psig 2,000 psia 
Type of pump 
feedwater: limited- limited- — limited- — 
leakage leakage leakage 
—condensate: limited- limited- — limited- — 
leakage leakage leakage 
circulation: limited- limited- canned- limited- canned- 
leakage leakage motor leakage motor 
Reactor: ALPR Dresden Indian Point Yankee Sioux Falls 
Type: boiling- _ boiling- pressurized- pressurized- boiling- 
water water water water water 
Thermal output: 3 Mw 626 Mw 585 Mw 392 Mw 203 Mw 
Coolant temp. 
—inlet: 175° F 505° F 485° F 495° F 360° F 
—outlet: 420° F 546°F 520° F 532° F 489° F 
Pressure: 300 psig 1,000 psia 1,500 psia 2,000 psia 600 psig 
Type of pump 
—feedwater: limited- limited- — — limited- 
leakage leakage leakage 
—condensate: limited- _limited- - —_ limited- 
leakage leakage leakage 
circulation: — canned- canned- canned- limited- | 
motor motor motor leakage 
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BENDIX 
NUCLEAR 
PRODUCTS 


Control Rod Drive Mechanisms 
Reactor System Simulators 
Transistorized Reactor Instrumentation 
Dosimeters and Charging Units 
Air Particle Monitors 
Research and Training Reactors 
Educational Neutron Time-of-flight Analyzers 
Transistorized Kicksorters 


Ultrasonic Cleaners for 
Radioactive Contamination 


Digital Computers G-15 
lonization Chambers 
Time-of-flight Mass Spectrometers 
Nuclear Density Gages 


Weather Instrumentation of all types 


X-ray Gages 
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DESIGN REQUIREMENT 


600 :1* 
SPEED REDUCTION 


* Special design requirement: 600 to 1 
speed reduction ... operating conditions 
up to 600°F (saturated) ... output torque : 
20 foot pounds ... space allotment | 

15 cubic inches. 
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Part of the B-W engineering team 
devoted exclusively to the designing, 
engineering and manufacturing of con- 
trol rod mechanisms. 
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a project requiring extra critical design 
attention?... contact the Marvel-Schebler 
team for fast economical help. 
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PRODUCTS DIVISION 
BORG-WARNER CORPORATION 
DECATUR, ILLINOIS 





Export Sales: Borg-Warner International, 36 S$. Wabash Avenue, Chicago 3, Ill. 


An all-inclusive reference work, presenting the basic 
s 

physical data so frequently called upon in scientific, 

engineering, and research endeavors. 











Ne 
iy % One giant source of 


information 


oe a | American Institute of 


contributors 


# Over 100 subject Physics Handbook 


areas covered 





8 big sections 





Dwight E. GRAY, Coordinating Editor 


N preparing this Handbook, the American tions you want on such matters as heat, 
Institute of Physics hascome up withan optics, nuclear physics, etc. Text matter is 
all-inclusive reference work. Just like the held to the minimum necessary to make the 
comprehensive handbooks familiar in other tabular information understandable and 
professional areas, it offers you similar fast, useful. 
reliable, wide-range reference—on all fields : oe 
of physics. Each section is the work of a number of 
specialists in the field who have taken into 
Now you can save yourself hours of consideration the many recent discoveries 
searching through scattered reference works and advances, selecting and compiling for 
for the fact or formula you need to apply your immediate use the most generally 
physical methods in your work. The book helpful data available today. Over 1500 
is packed with the tables, graphs, andequa- pages, $17.50 


Other Books Important to Modern Physicists 


INDUSTRIAL ELECTRONICS HANDBOOK TABLE FOR THE SOLUTION 
Over 100 specialists from more than a score of companies OF CUBIC EQUATIONS 


and research centers bring you expert aid on all phases of 
industrial electronics and control. Covers the best in to- 
day’s electronic practice—from Geiger counters to multi- 
phase power rectifiers, including electronic switches, con- 
trol, automation, computers, and process control. Stresses 





Supersedes all other such tables in number of decimal 
places, range, interval, required labor in finding all three 
roots, and convenience in use. With this book you can find 
applications and the user's needs. Edited by William D. = — Pie jee Ben. ces a —s A ero 
Cockrell, General Electric Co. 1408 pages, 969 illus- Tage ag rr et gg enc: agg Re, Mencne orp yg: ee te 
: ’ ’ C. H. Richards, Convair Astronautics, and Isabelle 
trations, $22.50 Arsham, Diamond Ordnance Fuze Laboratories. 161 


APPLIED MATHEMATICS au 
FOR ENGINEERS AND PHYSICISTS © NUCLEAR ENGINEERING HANDBOOK 


Helps you effectively analyze and solve today’s complex Comprehensively covers the field in standard handbook 
technical problems. Covers Fourier analysis, the Laplace form. Gives you nuclear theory, nuclear engineering 
transform, vector and tensor analysis, nonlinear differential _ principles and techniques, plus much helpful reference ma- 
equations, and more, and helps you more easily obtain terial presented with thoroughness, detail, and dependabil- 
analytical formulation of problems for solution with high- ity. Features information and data on the design of reac- 
speed computing devices. By Louis A. Pipes, University tors. Edited by Harold Etherington, Nuclear Products- 
of California at Los Angeles. Second Edition, 723 pages, Erco, Division of ACF Industries, Inc. 1870 pages, 706 
210 illustrations, $8.75 illustrations, $25.00 
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| McGraw-Hill Book Co. Dept FNU5, 327 W. 4ist St. New York 36 
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First atomic aircraft 
carrier uses (ss) Quality 
Steel Forgings 


The Navy is now building the ENTERPRISE, the 
world’s first nuclear-powered aircraft carrier. 
You won’t hear much about it because of secur- 
ity, but if you had visited U. S. Steel’s Home- 
stead plant a few weeks ago, you could have 
inspected two of the parts of the ENTERPRISE’S 
power system. You see them in the picture—a 
closure head flange and a top disc for one of 
her eight reactor vessels. They are USS Quality 
Forgings. 

The top disc will be seated inside the flange 
and both parts will be welded to other sections 
to form a single, sealed reactor vessel. The top 
disc weighs 36,750 pounds and the flange weighs 
74,000 pounds. In service, these parts must with- 
stand high pressure and radioactivity. The steel 
must be of excellent quality. 


Manufacture of these Ni-Cr-Mo alloy steel 
parts included forging, preliminary heat treat- 
ing and preliminary machining. This was fol- 
lowed by quenching and tempering. Then came 
a battery of tests: ultrasonic inspection, tan- 
gential tensile tests, Charpy V notch impact 
tests, grain size tests, bend tests and magnetic 
particle inspection. 

These are just two examples of the many 
forged flanges, discs, rings, heads, cylinders, 
and bored pipe that United States Steel has 
produced during the past few years for indus- 
trial and marine nuclear applications. 

These two forgings have an especially critical 
job to perform, so they were made by top- 
skilled men using the finest equipment—the 
same men and equipment that make every USS 
Quality Forging. We will appreciate your in- 
quiries or requests for our free 6-page booklet 
on USS Nuclear Forgings. Write to United 
States Steel, 525 William Penn Place, Pitts- 
burgh 30, Pa. USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Steel—San Francisco 
Tennessee Coal & iron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Education... 
Our Greatest — 
Tool” 


OSCAR G. MAYER 





















Chairman, Oscar Mayer & Co. 


“During the last twenty years we have had dramatic evidence of what massive 
research can accomplish. Every thinking American today is acutely aware 
that our future welfare depends upon this vital activity. 


important that our higher education be constantly improved, beginning with 
our secondary schools. Higher education is the only means with which we can 
mine our most valuable natural resource: the creativity of the human mind in 
all fields, social and cultural as well as scientific. 


“By supporting the college of your choice in its efforts to provide the best 


| 
| 
| 
| 
| “But sound higher education is the prerequisite of good research; it is vitally 
| 
| 
| 
| 
| 
) which to shape favorably the future of America.” 


| 
| 
possible faculty and physical facilities, you are investing in the one tool with | 
| 
| 
| 


If you want more information on the problems faced by higher education, write to: 


Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 





HIGHER EDUCATION & <3 
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Sponsored as a public service, in cooperation with the 
Council for Financial Aid to Education 
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rotor pump does not contaminate the 
surrounding area. Failure of a me- 
chanical-seal pump can escape detec- 
tion until considerable leakage and 
contamination have occurred. 


Ed. I think it is a debatable point 
whether or not canned-motor pumps 
have to be returned to the factory for 
maintenance. I don’t think there’s 
enough experience yet to be able to set- 
tle the question one way or the other. 


Dick. Perhaps you’re right. Well 
then, leaving aside this question of 
maintenance, let’s summarize the pri- 
mary advantages of the limited-leakage 
pumps. Here is a tabulation (see 
Table 3) that does just that. It covers 
pumps of both types for 1,000- and 
2,500-psi service. 


Paul. I notice the question mark for 
the reliability of limited-leakage pumps. 
This is, it seems to me, an extremely 
serious problem for the use that you are 
recommending. I am of the opinion 
that too little assurance of the reliabil- 
ity and cost of the limited-leakage pump 
is available. I believe that there is 
little hope of the limited-leakage pump 
doing the job in high-pressure systems 
until a great deal more development 
work is accomplished. 


Dick. You may have a point there. 
Actually, the table is slightly mislead- 
ing. Limited-leakage pumps have 
proven themselves in 1,000-psi service. 
It would seem that, at the present 
time, boiling-water-reactor systems 
offer the best possibility for the use of 
limited-leakage pumps. Pumps oper- 
ating at above about 1,500 psi system 
pressure need pressure-reducing de- 
vices that must bypass about 1 gpm. 
This bypass fluid, plus the seal leakage, 
must be repressurized and reinjected 
into the system, or a complete injection 
system must be supplied. Because of 
the availability in boiling systems of a 
low-pressure, low-temperature hot well, 
and because moderate-temperature, 
high-pressure water is available from 
the feed pumps, injection systems can 
be supplied without adding equipment. 


Art. Although the pressure levels are 
generally lower in boiling-water reac- 
tors than in pressurized-water reactors, 
the boiling system requires that the 
primary-coolant pumps handle water 
hear its boiling point, usually at a rela- 
tively low head and with the suction 
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RADIOACTIVITY AT WORK.: 73 


Our business is radioactivity—applying it, measuring it, protecting against it. 


Applied radioactivity is today’s most versa- 
tile tool. In this third NSEC report, we 
focus on a few of the multiplying peacetime 
uses of radioisotopes and radioactivity. 


As you read the brief outlines of our proj- 
ects and services, you may discover the 
solution to a specific problem now con- 
fronting you—a problem solvable only with 
radioactivity. Or you may see a general 
application in some area of your work. 


We would welcome the opportunity of dis- 
cussing how radioactivity can assist you—in 
studying product or process improvements, 
reducing manufacturing costs, answering com- 
plex research questions. 


RADIOACTIVE WASTE TREATMENT 
AND DISPOSAL 


Disposal of the radioactive waste products 
of a nuclear reactor presents a serious 
problem. Radioactivity waste differs from 
ordinary chemical or sanitary refuse in that 
it cannot be destroyed chemically. There- 
fore, planning for treatment and storage of 
wastes must be undertaken in the early 
stages of reactor design. Under a prime 
contract with the Atomic Energy Com- 
mission, NSEC scientists recently completed 
a comprehensive survey of all current prac- 
tices as well as planned techniques for the 
disposal of highly radioactive waste mate- 
rials. Much of our report is still classified. 
But NSEC is ready to put its findings to work 
for those who are planning reactors for power 
or testing purposes. Write to Mr. Eli I. 
Goodman of our Engineering Department 
about your reactor plans. Or ask for our new 
bulletin which outlines the factors to be 
considered. 


WATER TRACING WITH HYDROGEN 
ISOTOPES 


Ever been confronted with leakage in a 
system of underground water pipes? This 
tracing problem has been solved by NSEC 
scientists using tritium, the radioactive 
hydrogen isotope. Both tritium and deu- 
terium, a non-radioactive hydrogen isotope, 
are used in tracking water flow. Often the 
path of rainwater, underground streams or 
reservoirs must be traced. NSEC experts 
conduct assays of the tritium and deuterium 
content of the water. They measure tritium 
with a sensitivity of 10-5 microcuries per 
milliliter. The deuterium content in water 
is determined using the density-gradient 
method. Both these hydrogen Isotopes are 


also used to discover the origin of ground 
water, thus aiding in water conservation. 
NSEC assay services assist in other ways, too, 
including the biological tracing of organic 
matter for medical and industrial studies. 
Interested? Phone us in Pittsburgh at Home- 
stead 2-4000. 


TESTING FOR SUSTAINED RELEASE 
OF DRUGS 


A number of pharmaceutical companies 
are now working to develop a single dosage 
form of a drug which will be effective over 
a long period of time: from 12 to 24 hours. 
The drug, whether capsule, compound or 
complex, must have a gradual, uniform 
absorption rate. Its effect must be 
continuous, 


There are many advantages to a prolonged 
acting drug over a drug which must be 
taken every few hours. But one of the 
development problems is in vivo testing. 
How fast is the release rate? Are the peaks 
and valleys on the absorption curve too 
pronounced? What is the blood concentra- 
tion of the drug? 

NSEC personnel are now performing such 
studies for drug firms. Through radioactive 
tracers, we are able to measure much lower 
levels and with greater specificity than is 
possible under conventional colorimetric or 
fluorimetric methods. Our specialized pro- 
cedures are particularly applicable when a 
very small amount of a drug is to be given. 
Contact our Biology & Medicine Department 
for more information. 


NEUTRON DOSIMETRY MEASUREMENT 


In the development and operation of nuclear 
reactors, it is necessary to know the neutron 
flux at various points in the reactor. NSEC 
offers a dosimetry service to determine 
neutron fluxes—to measure thermal, epi- 
thermal, and fast neutrons. NSEC provides 
the dosimeters, the required analytical serv- 
ices, and a report on flux data. Special 
fission dosimeters are also supplied, for 
direct measurement of burn-up occurring in 
fissionable material during irradiation. 
NSEC designs and, develops techniques for 
difficult or unusual dosimetery problems. 
It’s possible to measure neutron flux from the 
highest now available down to I neutron per 
square centimeter per second. For additional 
information about NSEC’s dosimetry serv- 
ices, contact Dr. R. C. Koch of our Chem- 
istry Department. 


Want more details about our many projects and services? Just call or write. The 
proposals and quotations of our technical staff are yours without obligation. 


And to keep informed of the latest advances in this field, read “‘Radioactivity at 
Work,” our monthly publication. Write us on your letterhead and we’ll put you 


on our mailing list. 


Nuclear Fcience and Engineering Corporation 


DEPT. N-7, P. O. BOX 10901, PITTSBURGH 36, PENNSYLVANIA 
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Radiation Shielding windows 
give the Navy a direct look 
into nuclear reactors 


In the Navy’s new nuclear subs you'll 
find giant “peepholes”— windows that 
permit a direct look into the reactor 
compartments. Twelve of these atomic 
peepholes, weighing half a ton or more, 
have been ordered from C.G.W. by 
Westinghouse Electric Corporation for 
installation in the Navy’s new sub 
fleet. Westinghouse designed and de- 
veloped the nuclear reactors for the 
submarines under the direction of and 
in technical cooperation with the Naval 
Reactors Branch; U. S. Atomic Energy 
Commission. 

These are weighty windows, made 
of Corning’s high-lead-content glass 


f 


CORNING MEANS 


and a plastic material. The latter shields 
against neutron bombardment; the 
high-density glass shields against 
gamma rays. 

Round and encased in a metal hous- 
ing, these radiation shielding windows 
are part of a complete line made by 
and available from Corning. 

For details on types of glass, trans- 
mittance and shielding characteristics, 
darkening, and design considerations, 
ask for Bulletin PE-51, “Corning Ra- 
diation Shielding Windows.” 

Direct your inquiries to Corning 
Glass Works, 16 Crystal Street, Corn- 
ing, N. Y. 


CORNING GLASS WORKS 


RESEARCH IN GLASS 
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head limited to the gravity head above 
the pump plus whatever subcooling can 
| be provided by introducing the colder 
| boiler feedwater into the suction of the 
‘circulating pump. The boiling system 
may also require double-suction pumps 
or multiple pump installations to avoid 
' serious cavitation conditions. Cavita- 
| tion is particularly undesirable in these 
| circulating pumps because the output 
|of the reactor is immediately affected 
| by changes in coolant flow. Control 
| of circulating flow by controlling pump 
|speed is highly desirable to avoid de 
| pendence on remotely controlled, her- 
|metically sealed valves. Thus, lower 
| system pressures, a preference for dou- 
| ble suction, and variable speed require- 
| ments in boiling-water-reactor systems 
|all favor the selection of mechanical- 
| seal pumps. 





Ed. Don’t exclude pressurized-water 
reactors where lower system pressures 
have‘been selected, that is, on the order 
of 1,200 psi. For the primary-coolant 
circulating pumps for future Army 
Package Power Reactors (APPR), 
limited-leakage pumps were recom- 
mended to reduce cost and auxiliary 
power requirements. This recom- 
mendation is partially being carried out 
in the construction of APPR-la. 
Whereas APPR-1 had two canned- 
motor pumps, APPR-la has one 
limited-leakage and one canned-motor 
pump. While we’re at it, let’s take a 
look at this tabulation (see Table 4), 
which shows the type of pump in serv- 
ice in most of the major water-cooled- 
reactor plants in operation or being 
constructed today. Note that, with 
the exception of the circulating pumps 
for the Dresden reactor, all of the boil- 
ing-water reactors have limited-leakage 
|pumps and, with the exception of 
APPR-1la (mentioned above), all of the 
pressurized-water reactors have canned- 
| motor pumps. 


|Art. Primary-coolant-pump _ require- 
| ments for high-pressure (2,000 psi) 
| pressurized-water-reactor plants are al- 
| most identical to those for conventional 
| boiler-recirculating pumps in_high- 
| pressure forced-circulation systems. 
| These boilers have, until recently, used 
buffer-seal pumps with cold water being 
injected into the seal at high pressure 
to permit having a pressure drop 
through the seal labyrinths without 
flashing steam. The pumps are als0 
provided with a mechanical seal to con 
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using radiation? you need GAMMALARM 





Anyone using radiation needs GAMMALARM. 


And if you're using radioisotopes the A.E.C.* says you must have 


one (or equivalent). 





GAMMALAR\M stands constant watch; flashes warning the instant 
radiation rises above a safe level in the guarded area. Warning can go 
as far beyond the flashing red light as deemed necessary: GAMMALARM =P AMMALARM it no bigger thea 9 tn 


can be rigged to set off a clamorous din of bells, sirens—can even throw Operates off any 115 volt AC line. 
Hermetically watertight, it works equally 
well indoors, outdoors, rain or shine. Costs 
only $325 complete. Call your local 
Picker representative (see ‘phone book) or 
per hour. Or it can be preset to give warning at any elected write or wire Picker X-Ray Corporation, 


“safe” level over that up to 400 mr per hour. Depends, of course, 25 South Broadway, White Plains, N. Y. 
on the nature of the job in hand. 


safety locks on access doors in the radiation area. 


GAMMALARM responds directly to a radiation level as low as 2 mr 


*Title 10, Atomic Energy, Chapter 1, A.E:C. Part 70 


Incidentally, that’s a Picker Cyclops Cobalt 60 radiography unit you see in 
the background. Just installed at Cooper-Alloy Foundry in Hillsdale, N. ]., 
it's probably the most powerful in use in America today. Its 1000 curies of 
Cobalt 60 radiograph heavy stainless steel valves and fittings in a hurry: 
4 six-inch thickness takes only 15 minutes. 
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nuclear disposal 
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NOW... 
two locations to serve you 


CALIFORNIA 
and NEW JERSEY 


Nuclear Disposal offers the soundest 
solution to your atomic waste 
problems. They are broadly licensed 
to handle any and all radioactive 
waste material... byproduct, source, 
or special nuclear materials. 


low cost 


Nuclear Disposal’s service is most 
economical. No processing is required 
by the customer. Complete door to 
door, pick-up anywhere in the U.S.A. 
We furnish all containers. 


For complete information, 

call collect now 

IN THE EAST, 

phone Mitchell 3-7717, Kearney, New Jersey 
IN THE WEST, ‘ 

phone YEllowstone 5-6150, Walnut Creek, Calif. 


OR WRITE 


nuclear disposal. 


A division of 
Nuclear Engineering Company, Inc. 
2600 North Main St., WALNUT CREEK, CALIFORNIA 
NIRS Lincoln Highway, KEARNEY, NEW JERSEY 
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tain leakage for return to the system. 
Unfortunately, the buffer seal has not 
proved entirely satisfactory in the 
higher-pressure conventional plants be- 
cause of uncontrolled cold-water leak- 
age into the system, with the conse- 
quent reduction in thermal efficiency, 
increase in boiler-feed control problems, 
higher maintenance costs and some- 
what unpredictable dependability. 
The development of better buffer seals 
with reduced leakage rates and im- 
proved dependability could make initial 
cost the determining factor. 


Carl. Yes, there are many high-pres- 
sure controlled-circulating boilers in 
operation using circulating pumps with 
buffer seals for 2,000 psi suction pressure 
and 600° F boiler water. Usually, cold 
water at 2,100 psi is injected ahead of 
the shaft seal. We have developed a 
mechanical seal and tested it in our 
laboratory for over one year of oper- 
ation at 600° F and 2,500-psi suction 
pressure. Without any cold-water in- 
jection, seal leakages have varied from 
one to eight gallons per hour, depending 
on pump-shaft size and motor rpm. 


Los Alamos Critical Facilities 





Epitor’s Note: A recent NUCLEONICS 
table of reactor critical facilities (NU, 
| Dec.’58, p. 44) did not include the critical 
| facilities at Los Alamos Scientific Labo- 
| ratory. Besides their use for basic 
| physics data, operational limits and 
| pulsed-neutron experiments, the ten or 
| so critical-assembly machines that now 
| exist at Los Alamos also furnish data for 
| specific reactor designs (and hence should 
| have been included in the table). We 
present here a description of the LASL 
facilities as a supplement to the already 
published table. 

The Los Alamos assemblies are set up 
in two laboratory buildings (Kiva I and 
Kiva IT) at the Pajarito site (NU, Oct. 
’55, p. 48). The buildings are 44 mile 
apart from each other and from a third 
building that houses the two remote- 
control rooms, one for each Kiva. 
Each assembly machine has its own 
control panel in one of the rooms. 

In Kiva I are located: 

* Honeycomb—-split 6-ft cubic matrix 
of square Al tubes (3 in. X 3 in. cross 
section). For surveys of idealized re- 
actor systems such as graphite-U2** 
cores in graphite or Be reflectors. 

® Jezebel—portable machine, pres- 
ently for assembling bare Pu-metal 
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OPTICS 


For Image Amplifiers— 
Speeds Equal to F/0.5 


® Designed for use with RCA—Phillips 
—Bendix—Friez—Westinghouse and 
cascading image amplifiers. One to 
one systems of extreme speed—short 
focal lengths. 


® New Optical Systems available for 
prompt delivery from State 
full data for quotation. Ideal for 
X-Ray—Radiation research and astro- 


stock. 


nomic telescopes. 


@ Other optics, photo and recording 
equipment available from world’s 
largest ‘“‘LENS a 
BANK" —Write 
for Encyclopedia 
Catalog N 459 
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TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


Alphanaphthylphenyloxazole, ANPO: A Band- 
Shifter or Secondary Solute, for Liquid 
Counting—Fluorescence Max. 4050 A 


Diphenyloxazole, DPO: A primary Solute, for 
Liquid Counting—Fluorescence Max. 3800 A 


Phenylbiphenylyloxadiazole, PBD: A Primary 
Solute, for Liquid Counting—Fluorescence 
Max. 3700 A 


POPOP: A Band-Shifter or Secondary Solute, 
for Liquid Counting—Fluorescence Max. 


4200 A 


p-Terphenyl: Least Expensive Primary Sol- 
ute, for Liquid and Plastic Counting—Flu- 
orescence Max. 3460 A 


Tetraphenylbutadiene, TPB: For use with 
p-Terpheny! in Plastic Scintillators—Fluores- 
cence Max. 4320 A 


Cadmium Propionate, anhydrous: A Highly 
Efficient Neutron Captor—Cadmium Con- 
tent: 43.5% 


Available from stock—write to Dept. “K" 


for free booklet on these products. 








ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET BOULDER, COLORADO 
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AEROJET 


for 





nuclear energy 


For the Atomic Energy 
Commission...gas-cooled 
reactors. For the Army... 
gas-turbine test facilities. 

For the Navy...advanced 

radio tracer techniques 

ifolarel¥r- lia mmerelal (ge) mi 

(Ot iT-Jnnlior-l im elgelelULendlelaMact-lelcel gs 
for industry... The world's 

first mass-produced nuclear 
reactors for science, 

medicine, and education... 

and research and development of 
nuclear rocket powerplants. 
These breakthroughs in nuclear 
technology are achievements 

of Aerojet-General Corporation 
and its subsidiary 


Aerojet-General Nucleonics 


AEROJET-GENERAL CORP®? 


A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 
Engineers, scientists — investigate outstanding opportunities at Aerojet. 
(Plants at Azusa, San Ramon and near Sacramento, Calif.) 
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DIRECT 


Now Available: 


ENGINEERING and 
INDUSTRIAL Drawings for 
NUCLEAR APPLICATIONS 


Developed by the U. S. Atomic Energy 
Commission and its contractors. 
COOPER-TRENT has been engaged to 
provide copies of these drawings to the 
general public. Reproductions are avail- 
able from original 105 mm MICRO- 
MASTER negatives, identical to those 
furnished AEC for their use. Full size 
or half size copies can be obtained of 
the source material filmed at Oak Ridge, 
Tenn, (See AEC Publications TID-4100, 
(first revision) and supplement #1 ENGI- 
NEERING MATERIALS LIST.) 


Write for FREE literature and prices! 


COOPER-TRENT 


BLUEPRINT AND MICROFILM CORPORATION 


2701 Wilson Bivd., Arlington 1, Va. 
Phone JA 5-1900 ° Teletype WA 876 


@ or your nearest KEUFFEL & ESSER distributor 
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sphere. Will be adapted to bare 233 | 
in 1959. 
© Comet—general-purpose assembly 
machine with hydraulic lift and variety 

of superstructures. Used for suberiti- | 
cal determinations of critical configura- 
tions (such as special safety tests). 

In Kiva II are located: 

® Planet—similar to Comet. 

® Godiva I|—portable, bare U*** facil- 

ity that produces super-prompt-critical | 
bursts for irradiations (also operates at | 
delayed critical). | 
® Flattop—for 
metal cores of U2*, I 


assembling spherical | 
-u, or U2 in thick 


metal reflector. Presently operating | 
with U?*5 in thick U (natural). Re-| 
places retired Topsy. | 
*Cavity Reactor—a 100-cm_ right-| 


cylindrical cavity surrounded by a 50- 
em D.O reflector. Measurements will 
be made first with thin U?** foils lining 
the cavity, and then with foils variously | 


| disposed throughout it. 
| © LCX—a K-Division solid- fuel mockup | 


| © Water tank—has controllable 


| with side 








of LAMPRE. To be dismantled | 
after present survey of properties is 
completed. 
level 
and scram; used for flooding tests. 
® Hydro—located outside Kiva II in| 
retractable concrete shield; 
and bottom water reflectors. 
Operates at ~5 kw as source for expo- | 
nential column and for activating | 
radiochemical samples. Was used - 
souree for DO thermal column. 
Machines once operated but now re- | 
tired include: 
® Topsy—used for studying U***, Pu, | 
and U2*5 H;C cores in thick U (natural) 
or Nireflectors. Retired in 1956 to be | 
replaced by more stable Flattop. 
® Godiva I—portable machine, 
bare U?> sphere. Initially 
tronics study, later adapted to prompt- 
burst production. Retired in 1957 
after damage by excessive burst; 
placed by safer Godiva II. 
® Aquarium—tank for flooding tests. 
Temporary installation. 
® Pot—for survey of D.O-moderated, 
D.0-reflected spheres. Temporary | 
installation. 
® Can—for survey of 
moderated cylinders. 
installation. 
® Classified assemblies—these have | 
come and gone on the more flexible 
machines. Two classified machines 
have been retired and another is in 


U*** core | 


for | 


for neu- 


re- 


D.0- 
Temporary 


bare, 


| operation. 


FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 
Models 108 
& 108P 
Gain 40,000, 
continuously 
variable 
Rise 0.2 mi- 

crosec 
Accept + and 

— pulses 
TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 

(0.1 mv to 100v) 

Based on improved Chase-Higinbotham design. 
Excellent linearity for small pulses in the presence of 
tremendous overloads that paralyze other amplifiers. 
PULSE HEIGHT SELECTOR (Supplied only on Model 

108P)—Precision trigger-type. 


MODEL 413 MERCURY RELAY 
PRECISION SLIDING PULSER 


The one pulser that fills every need 
of the nuclear physics laboratory 


0 to 100 Volts 
10 full scale ranges from 1 mV to 100 volts 
Fast rise and exponential decay of 1, 3, 10, 30, 
and 100 microsec simulate pulses from ‘scintilla- 
tion, proportional and Geiger counters. 
Incorporates both manual control and precision 
motor drive. 
The ideal instrument for precise calibration and 
test of pulse-height analyzers and other nuclear 
instrumentation. 


i Fe | Is ~ 
Window widths are donsmiond AUTOMATI- 


CALLY, 10X more RATELY, 40X 
FASTER than with Se pulsers. 














Ry SIONS koko sctnccacrcnce $545.00 

Model 108P Amplifier (includes pulse: 
EE ES: ree 

Model 413 Precision Sliding Pulser...... .00 


prices f.o.b. Silver Spring, Md. 
RADIATION INSTRUMENT CO. 


P.O. Box 733 Silver Spring, Maryland 
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ET iy you need a 
| Helping Hand in | 
Le 3 


Atomic Energy 





‘call astra! 


Lending a helping hand to others 
in Atomic Energy is astra's only 
concern. An unusual combination of 
abilities is available to help answer 
your most comprehensive problems or 
to fill requests for the most detailed 
assistance. 


© Fast and Thermal Reactors 

© Breeders ® Research Facilities 

© Power Plants ® Radiation Studies 
® Health Physics © Economic Studies 


For details write to 





ATOMIC 
ENERGY 
CONSULTANTS 








P.O. Box #226, Raleigh, N.C., U.S.A. * Cable: ASTRA 
May, 1959 - NUCLEONICS 














Putting Rare Earths Within Your Reach 


tons, pounds or grams—today 


from the world’s largest heavy rare earth producing facilities 


Production Facilities: Until recently, the scope of 
Michigan Chemical’s rare earth manufacturing has 
been classified. Now it can be told that its production 
units are the world’s largest — with nearly 200 ion ex- 
change columns 30 in. by 20 ft. high devoted to the manu- 
facturing of tonnage quantities alone. In another sec- 
tion of this plant are 10 in. columns for the production 
of the less-abundant rare earth elements such as lute- 
tium, thulium and holmium. Also, in our pilot plant are 
2, 4 and 6 in. columns, shown right, which are used 
mainly for experimental work. A wholly new manufac- 
turing plant is in operation producing rare earth metals 
in commercial quantities. 


Compounds and Metals: Thirteen of the rare earth 
oxides and metals are available to you in substantial 
quantities — mainly from inventory. Michigan Chemical 
Corporation was the first producer to supply most of 
the rare earth metals in volume. 


Rare Earths and Thorium Division 


MICHIGAN CHEMICAL CORPORATION 


633 North Bankson Street, Saint Louis, Michigan 


Price Changes: Our facilities have enabled us to 
initiate many of the consistent and dramatic price re- 
ductions which have occurred in this field. Two years 
ago, for example, lutetium and thulium oxides were 
selling at from $100 to $125 a gram. Over a year ago, 
Michigan Chemical reduced the price of these materials 
below $30 a gram. Now our price is $450 a gram in 
pound quantities. In our role of leading producer, we 
are continuing every price effort to open the way for 
more and more research and product applications for 
these challenging compounds and metals. 


With purities up to 99.9+% purity, an assured source 
of supply and steadily lowering prices, we urge you to 
investigate Michigan Chemical’s heavy rare earth oxides 
and metals. Phone, wire or 
write today on your letter- 
head for technical data, 
quotations and delivery. 


RE-58-4 
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How to detect and 
measure 1,/(,7 
Choose one of these three combinations 


for a compact, economical, all-purpose 
laboratory . . . 


QO 4+@QO...0F 
O + @...0F 
0+0:+90 





PROPORTIONAL 
COUNTING 
SYSTEM 


(PC-3A) 
$1295.00 





Precision detection and counting of alpha and beta- 
gamma activity in prepared samples. No window 
absorption. Full 2 pi geometry. Sample analyzed 
directly inside detecting chamber. High voltage and 
scaling systems operate with US-1 and SC-1 shown 
below. Accessories optional. 


2 


UNIVERSAL 
SHIELD 
(US-1) 
$395.00 





Detects gamma and beta-gamma activity in prepared 
flat samples. Beta-gamma G-M detector furnished. 
Also accepts gamma scintillation detector, mylar 
window G-M flow detector, and strip chromatograph 
scanner. Operates with PC-3A. 





© 


WELL-TYPE 
SCINTILLATION 
COUNTER 


(SC-1) 
$980.00 





Detects low-level gamma activity in test tube type 
samples. Also takes flat type samples. All-transis- 
torized amplifier. Works with any scaler. Operates 
with PC-3A. 


WRITE FOR CATALOG OR PHONE COLLECT 


Nuclear 

Measurements 

Corp 2460 N. Arlington Ave. 
e 


Phone: Liberty 6-2415 


INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16, N. Y. 
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Thermal-Resistance Concept Aids 


Fuel-Temperature Calculations 


By WARREN M. ROHSENOW, J. P. BARGER* and JEFFERY LEWINS 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


We have worked out a convenient 
way to calculate the temperature dis- 
tribution in a reactor fuel element, 
given the heat flux, mass flow rate and 
physical properties of the unit fuel cell. 
The key to our method is the use of pre- 
calculated thermal resistances for the 





* PRESENT ADDRESS: Microtech Research 
Co., Cambridge, Mass. 


Values of ri. 





fuel regions in the path of the heat flow. 
We relate the temperature T' (at a dis- 
tance a along the length of the core) to 
the given variables through the simple 
expression 


P(T) = sin [(4/2) (a/a,)] 
+ Q(r,k, etc.) cos [(/2) (a/a;)] (1) 


(The symbols used in Eq. 1 and else- 


Fractional Length Along Reoctor Channel, a 





FIG. 1. Plot of the relation P(T) = sin 4 </ + Q cos (5 “/) 
2 of 2 of 
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IN =\J HIGH VOLTAGE NPN 
ISTORS ALLOW 

TUBE REPLACEMENT AND 

CIRCUIT COMPATIBILITY 


GT's new high voltage germanium alloyed junction transistors now allow the same 
optimization as formerly could be realized only with vacuum tubes. These character- 
istics plus conventional “transistor” advantages offer new design opportunities in 
computers, magnetic memory cores, data processing equipment, gas filled indicator 
tubes and other applications where reduction of space, weight and high reliability 
are prime requisites. 





The GT 1200 is particularly suited to drive gas filled display tubes, such as the 
Burroughs Nixie ® and Pixie ®, without changing existing circuitry other than alter- 
ing voltages so as not to exceed the rating of the transistor. 





GT 1200 
Collector to Base Voltage Ic = 25 vA 90 Volts Min. 
(Emitter Open) ' 
Emitter to Base Voltage le = 25 uA 20 Volts Min. 
(Collector Open) 
Collector to Emitter Voltage le = 25 uA 90 Volts Min. 


(Punch Through) 
Supplied in TO-9 case 





GT 1201 — GT 1202, in addition to driving gas filled display tubes, are ideally suited 
for driving high inductance loads, driving transformer coupled loads and allow more 
nearly perfect impedance matching. These transistors are fast devices capable of 
handling high impedance loads and large signal swings. 


GT 1201 | GT 1202 
Collector to Base Voltage lc = 25 uA 75 Volts Min. (45 Volts Min. 


Mf 
Bae 
(Emitter Open) 
ACTUAL Emitter to Base Voltage le = 25 uA 20 Volts Min. [20 Volts Min. 
(Collector Open) 
Collector to Emitter Voltage [lk = 254A 75 Volts Min. [45 Volts Min. 
(Punch Through) 








SIZE 











Supplied in TO-9 case 














GENERAL TRANSISTOR 


Cc Oo R - Oo R a T | Oo N 


NEW YORK 





91-27 138TH PLACE JAMAICA 35, 


IN CANADA: DESSER E-E LTD., 441 ST. FRANCIS XAVIER, MONTREAL 1, QUEBEC. FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED 


TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP., 91-27 138TH PLACE, JAMAICA 35 NEW YORK, FOR EXPORT: GENERAL TRANSISTOR 


INTERNATIONAL CORP., 91-27 136TH PLACE, JAMAICA 35, NEW YORK. CN 
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AUXILIARY- AIR 
TYPE 


AIRFLOW FUME HOODS 


For 


AIR-CONDITIONED 
LABORATORIES 


KEWAUNEE 



























Kewaunee Auxiliary-Air Type 
Airflow Fume Hoods operate on 
a ratio of 50% room air and 
50% auxiliary air. When operat- 
ing at the minimum face velocity 
of 50 FPM, these hoods exhaust 
only 25CFM of air per square 
foot of sash opening from the 
laboratory, with the other 25 
CFM of air per square foot of 
sash opening obtained from 

an auxiliary air source. 


An additional advantage only 
available with Kewaunee 
Auxiliary-Air Type Airflow Fume 
Hoods is that all air (both room 
and auxiliary) enters through 
the hood face and is virtually 
100% effective in sweeping 
fumes back to the baffle 

exhaust openings. 


Write for complete information 
on these new Airflow Fume 
Hoods today! 











KEWAUNEE MFG. COMPANY 
5083 S. Center St., Adrian, Mich. 
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| where are defined on p. 157.) 
functional form for P(7’) depends only 
| on the coolant-flow arrangement and 





power distribution; Table 1 gives P(7) 
for three general situations. Q is pro- 
portional to the sum S of the effective 
resistances of the various fuel regions 
(meat, bond, cladding, etc.) to the flow 
of heat from the point of interest in the 


The 





TABLE 1—P(7’) for Various Fuel Geometries 


Coolant 
geometry * 


Alternate forms for P(T) 




























































































Power-density form AT form 
z Tag 
End-fed T | ino \r-T 
7nd-fe — T, . Ao 2a c 
siete ‘ARs —sin-— | 1+ : —_—_— — ] sin ~~" 
| asymmetric esac 2 ar . wQo JT. — Te 2 a 
| sin ; ; 
| a 2 ar 
| End-fed T — “Opp . © Ao ¥ T —T., . © Ao 
symmetric {max ‘= 2 a a ae — 2 a 
— T. |T-T, a 
| Center-fed ‘hRr = Lda -— 
Qmax 7 €2 " l 2 ag 
* See Fig. 2 for definitions of geometries. 
TABLE 2—Thermal-Resistance Terms for Fuel Regions 
; - 
iCoolant } : 
Film Scale} Cladding Bond Fuel 
-s (0) CYLINDRICAL 
(b) FLAT PLATE 
eas Soe eee 2 = 
rj . ee 
Pa 
~ —— fos Xo » 
Se a aoe ee ne 
UNIFORM RADIAL | | 
FLUX | | 
| DISTRIBUTION | rx 
4 Ih 
roh r hr, | 7 
(a) 1 B +—-— Ln »Z. 7" 2k 
s | Ke , | Ape roh £2 | foh ee 
2k, |! 7 (+) ! 3K; GA 
lal xh 
~+ * 
(b) 1 A Xo ~ Xj h A | 
hg Ke urs xh 1- (4) x;h (#)? 
2k, x; | oak NK 
| | | 
P—~ = —f--— SS ee ee! Se 
/ | 
| ONE-GROUP | 
FLUX I 
| DISTRIBUTION 
a $ =e | | I 
| 
/ | | 3 = (teed - ) 
«KK I,(«rj) 
| rh fo | toh 1] he =~. 
(a) 1 & ie in Sic in & — | 
1 nh, | Ke r [{k. Ro] Aye, | 
| | fh (ae % ae fh ern * *) 
| . ri Kf I,(«rj) | 0, KKy I(«rj) 
pe—r' x - 
| h = («x;) - +) 
| —— 
] KKs sinh («x,) 
(b)1 | h gs ie es h 
J h hy —~h h h fosh («x;)-cosh (xx ph / cosh (xx) - 1 
s Ke Ke ® Jom . — 
KK, sinh (xx;) 1 ks \ sinh («x;) 
= l 
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IN SRE. .. Zallea expansion joints absorb thermal 
expansion of reactor core tank and outer tank 


The very nature of the Sodium Reactor Experiment, conducted by Atomics International 
for the AEC, and the method of handling the liquid sodium reactor coolant demand 
reliability in expansion joints. Because of the operation there can be no compromise in 

design or quality. 
The high temperature SRE uses Zallea Expansion Joints where thermal expansion must 
be absorbed and where a gas seal must be maintained. An 11-ft. diameter Zallea 
Expansion Joint at the top of the outer tank absorbs the expansion that results from 
the temperature increase in these components as the reactor comes up to operating 
temperature, 960°F. In addition, the expansion joints form a seal for the helium 
gas and sodium vapor above the sodium pool at the top of the reactor as well 

as for the helium gas within the outer tank. 


In the sodium coolant piping circuit gas seals are effected by means of Zallea 
Expansion Joints in the region where the pipes leave the reactor cavity and 
enter the pipe galleries. 


Zallea has worked with almost every major engineering and manufacturing 
firm engaged in atomic, nuclear and missile work—and has provided the large 
majority of expansion joints for such projects. As a result, we have accumu- 
lated a store of expansion joint engineering data and manufacturing skills 
that cannot be equalled. Whenever expansion is involved in piping systems, 
reactors, tanks—whatever the application—let our engineers work with 
you. We already have the answer to many of the difficulties you will 
encounter. And we welcome the chance of tackling your problem. 


ve 
ns 
WwW 


he 


























& expansion joints 


ZALLEA BROTHERS, Wilmington 99, Del. « World's largest manufacturer of expansion joints 
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Mak icelaliamactolehamnels 
vital FIRST AID 


Miscues and accidental exposure to dan- 
gerous propellants and other chemicals can 
occur with shocking suddenness. Adequate 
water irrigation is an important key to min- 
imizing such injuries and subsequent 
claims. HAWS Decontamination Booth is 
the answer...a complete safety station for 
immediate first aid. 


HAWS MODEL 8600 
‘DECONTAMINATION BOOTH 


‘is made of durable, lightweight reinforced 
{fiberglass plastic, and features Haws Eye- 
Face Wash Fountain, eight lateral body sprays 
and overhead spray unit. All are simuitane- 
ously activated by weight on the base- 
mounted foot treadle! Contaminated victims 
are instantly “covered” with water that 
floats away foreign matter from body and 
clothing. 

At aeronautical and astronautical installa- 
tions everywhere, HAWS Safety Facilities are 
important in boosting air-age safety pro- 
| grams. Find out what this equipment can 
' mean to your operation. Full details sent on 
request, with no obligation. 


V3 : To Te ie or eee 
+ DRINKING FAUCET CO. 
(LL LB ORNEING FAUCET CO 


EXPORT DEPARTMENT * 19.COLUMBUS STREET 
SAN FRANCISCO 11, CALIFORNIA 
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fuel element to the coolant. Hence 
the sine term in Eq. 1 gives the tem- 
perature rise in the coolant with dis- 
tance a and; the cosine term gives the 
additional AT at a between the coolant 
and the point of interest in the fuel ele- 
ment. (See the example worked out 
below.) 

We tabulate the thermal resistances 
of the different fuel regions in Table 2 
for plate as well as rod geometries. 
Figure 1 gives P(7') as a function of a 
and Q. 

Tosum up, suppose we want to calcu- 
late the temperature just inside the 
clad of a rod element at a point halfway 
up the length of the element. First 
from Table 2 add up the thermal-resist- 
ance terms for the regions between the 
coolant and the inside of the clad. 
Multiply this sum S by the constants 





mpR to get Q. 
numerical value of P(7') that corre- 
sponds te this value of Q and a equal 


From Fig. 1 find the 


to half the fuel-element length. Then 
select the proper form for P(T) from 
Table 1, set it equal to its numerical 
value and solve for the temperature T’ 
If a’ is the position of a temperature 
maximum, then if we set the derivative 
of P equal to zero, 


, 
Q = cot ~ (2) 
aay 
7 7 a’ 
P( 7 aan = cosec 9 ay (3) 


2 ay 


which leads to this convenient relation 
y 
for 7 * 


(PCT ced ~ l + (? (4) 
Assumptions Used 
Our tabulated thermal resistances 


assume the following circumstances: 
® The fission-energy release has the 














asymmetric flux distribution. 


0.510 em! 


c= 
p = 0.95 

ro = 0.1134 ft 
r, = 0.0959 ft 


h (effective) = 1,232 


Gmax 


so that T max — 





Sample Calculation for Calder Hall 


To illustrate our method, we have calculated the maximum temperatures for an 
idealized fuel element in a Calder Hall reactor. 
Using these values: 


P(T max) = (1 + Q*)” 


h (bond) = 10,000 
h (scale) ~ 
k. = 72.6 
ke = 18.0 
T., = 284 
Qmax = 1.33 X 105 
we get 
Q = 
T -—T. 
where P= 


, ‘ 
‘hRx — sin : 


Te, = (1 + Q2) + 0.996] 197 °F. 
The resulting temperatures together with the corresponding resistances are: 


Total 

Fuel Relative resistance Maximum temperature 

region resistance (S) (°F) 
Coolant 0 0 669 
Film 1 1 708 (clad outer surface) 
Scale 0 1 708 (clad outer surface) 
Cladding .32 1.32 729 (clad inner surface) F 
Bond 15 1.47 742 (fuel surface) + 
Fuel 1.87 3.34 931 (fuel center) 


These maximum temperatures are, of course, lower than the published limiting 
values for Calder Hall, because we have not included hot-channel factors, transient 
behavior or any safety margin in our analysis. 


A (equivalent nonfinned) 


The reactor is end fed but with an 


ao = 10.4 ft 
Qo = 9.6 ft 
a = 12.5 ft 


= 7.4 ft? 


Btu/hr ft? °F 
Btu/hr ft? °F 


Btu/hr ft °F 
Btu/hr ft °F 
°F 

Btu/hr ft? 


Tao 


“a ag 
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In the design, 
engineering 


and fabrication 





of Pressure Vessels 
for Nuclear 


Reactors 


one stands out...PACECO 


Designers, Builders, Buyers of nuclear power plants! PACECO offers design-engineering expe- 
rience and fabricating skills with reactor pressure vessels unmatched by any other company in 
the world. PACECO has been a part of virtually every project of the Atomic Energy Commission 
since 1947. PACECO designed and built the boiling water reactor vessel for the world’s first pri- 
vately financed nuclear power plant. One of the world’s first aluminum reactor vessels was built 
by PACECO for General Electric... And a 94 ton test reactor vessel for Westinghouse Electric 
Co.'s facility at Waltz Mills, Pennsylvania. This is a record of achievement and experience which 
stands out in the infant industry of commercial atomic power. Here at PACECO is a fund of 
nuclear knowledge from which architect-engineers, contractors and utilities can profitably draw. 


For more information about PACECO'’s services and facilities write for Brochure 6-A 






PACIFIC COAST ENGINEERING CO. 
Sales Offices: NEW YORK, N. Y. © TORRANCE (Los Angeles Area), CALIFORNIA 
Main Office & Plant * ALAMEDA, CALIFORNIA 








“TAILORS OF STEEL” | 
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Consider these advantages. Sodium .. . 













e has high thermal conductivity ¢ low half life ¢ no permanent isotopes 
e has high boiling point ¢ low melting point ¢ low density 

e gives a high heat transfer coefficient ...6000 (1612 ft/sec) 

e has high thermal stability with low neutron-absorption cross section 

e has low viscosity ¢ excellent flow characteristics 


As the world’s largest producer with two fully integrated One of our experienced Chemical Engineers will be 
plants and comparable inventory, we can supply you glad to assist with technical service. For additional 
with all the commercial and high purity grade sodium information on sodium as a heat transfer medium, 
you need. And ship it promptly and dependably. please contact one of the offices listed below. 


ETHYL CORPORATION 


100 PARK AVENUE, NEW YORK 17, N. Y. + CHICAGO + TULSA + LOS ANGELES 





—ETHYL_ 
CORPORATION 
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shape of a chopped cosine (see Fig. 2) 
along the fuel-element axis. (Figure 2 
shows the resulting temperature dis- 
tribution for different coolant-entry 
schemes; see also reference 1.) 

*The specific heat c, the mass flow 
rate per channel m (uniform mixing), 
and all the conductivities k and heat- 
transfer coefficients h have constant 























values. 

* The fuel elements are either cylinders 
or flat plates. (For the latter we ignore 
any “‘side”’ effects.) 

*In the fuel-element meat the radial 
neutron-flux distribution is described 
by “one-group” diffusion theory (x is 
the reciprocal diffusion length) or by a 
flat distribution. (The latter is the 











Summary of Symbols 


e@ Synchro-cyclotrons 


4 temperature ‘ for various final 
a vertical distance from midpoint of energies 
coolant channel Cockcroft-Walton 
ror z horizontal distance from cen- accelerators 
ter of rod or plate fuel element . . Generators for 
4 clement area = 2rre2¥, =2202¥, equipment for Nuclear Physics very high 


(see below) d.c. voltages 


h effective surface heat-transfer coef- and Atomic Energy Linear electron 


accelerators 


ficient 
k conductivity Reactor control 
m mass rate of flow instrumentation 
c specific heat Instrument console and operators’ desk fora 30 MW neers measuring 
p fraction of heat released within the | High-Flux tank-type reactor completed for testing ceaiall cosibeaalin 
° element in our Eindhoven works. Visible from left to right in Ci “inl 
> > y ate ne T's 2 7 . . wl¥ fence 
— rature parameter (see Table| jane! are: water monitoring equipment, channels natremelll 
’ _| for neutron flux measurement, safety amplifiers and io ips oa 
q rate of heat release per unit area of . : F iit Area monitoring 
process instrumentation. instrumentation 
element surface 
Q resistance parameter = rpRS ; ; Geiger counter tubes 
ro Zo radius or half thickness of ele-| D@Sk contains operational controls as well as re- Photomultipliers 
ment (see below) mote indication of the most important data. Radio-active isotopes 
R relative heat capacity Equipment was supplied on order from ACF Indus- Vert 
me\ Y tries, Incorporated, for installation at AB Atom : 
: ones . Vacuum measuring 
ah oe | Energi s new facilities at Studsvik, Sweden. equipment 
S sum of effective resistances (see 


Table 2) 
2a; base of the flux distribution 
2Y element length = ao + doo, = 2aoc 
for symmetric and center-fed cases 
K reciprocal diffusion length 


= > 4 f Li & Ss 


Nuclear Equipment 


Fuel geometry 








————-P Coolant 








for further information please apply to one of the following addresses: 
———=e Coolant 

Rod Plate N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holland. RESEARCH 
& CONTROL INSTRUMENTS LTD., Instrument House, 207/215, King's Cross Road, London WC 1 
PHILIPS ELECTRONICS INC., Instruments Division, 750. South Fulton Avenue, Mount Vernon N.Y. U.S.A. 
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¥E SENSITIVITY 







Ww 
RCA announces a newly revised 32-page catalog that provides concise tech. 
nical information including spectral sensitivity curves and outlines on RCA 
multiplier phototubes and phototubes, as well as characteristics of other 
RCA photosensitive devices and industrial-type cathode-ray tubes. Covered 
for the first time are new multiplier phototubes, including ultraviolet- and 


infrared-sensitive types, image-converter tubes; new storage tubes, new 
single-unit phototubes, new camera tubes, and new cathode-ray tubes. 





For your copy of this handy laboratory reference (RCA Photosensitive 
Devices and Cathode-Ray Tubes, CRPD-105A) call your local RCA Indus- 
trial Tube Distributor. Or write RCA Commercial Engineering, Section 
E-31-U, Harrison, N.J. 
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This article starts on page 150 


End-fed Coolant 





Center-fed Coolant 


~ oa 
iS / Coolont 
































(Symmetric when O55* o,) 


FIG. 2. Parameters for chopped- 
cosine axial flux distribution (bottom 
figure); top figures show typical tem- 
perature distributions for end-fed and 
center-fed coolant flows 


more conservative, predicting larger 
temperature drops.) 

* The effective resistances are based 
on the outer surface area A of each ele- 
ment (at 7o or xo). With finned sur- 
faces, we use an equivalent unfinned 
surface coefficient h (2-4). 


Temperature Distributions 


We will derive the temperature dis- 
tribution for an asymmetric reactor, 
with the “one-group” radial distribu- 
tion (the other, simpler situations can 
be derived from this one by taking 
limits). For a cylindrical reactor with 
no cladding, the temperature at the cen- 
ter line of the fuel element at any sec- 
tion a is the sum of the tempera- 
ture rises in the coolant 7, — T., 
across the surface film Tan — 7. and 
in the element 7,20 — Twau- 


Coolant AT’ 
For a section of length da, a heat bal- 


ance gives 


wT a 
dq = mc dT, = max 247 cos — — da 
2 as 


which integrates between — dp» and a to 
give 


ms Qmax Ah at 
T,-—T,, = ——-=z 
h me wY 

. £a . Ta 

sin — — + sin-— 

2 a 2 a 


where A = 2mrry2Y 


RADIO CORPORATION OF AMERICA | Surface-films AT’ 


Electron Tube Division Harrison, N. J. 








— vr a 
‘— 4 Ts so (= 
h 2 a 
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Fuel AT’ 


By assumption, 


vol = Cilo(xr) 


where C; is some constant to be deter- 
mined. From a heat balance over the 
cross section, 
Ta To 
Qrromax COS — — = 2mrrCiIo(xr) dr 
2 a 0 


_ maxk Ta 
, I, (xro) 2 as 





or 


The differential equation for the steady- 
state temperature rise is 


ld (- 7) _ _ Cxlo(«r) 


r dr dr ky 
Therefore 
ar on Cyrl (xr) 
dr ky 
and 7,20 — Trery 
ae CyT (kro) -—1 


Kky 


+ Cin 


whence C, is zero to give a finite center- 
line temperature. 
Thermal Resistances 


If we sum the three temperature 
increments, we have 


Qmax Ah as 
T,..0 - T., = = cw Fae 
h (=) 


_ ra . 1a 
a —— + .-— 
2 a; 24a 


au 


h Io(xro) — 1 Ta 
1 un : on-aam 
+ ° Kk 11(kro) _ 2 “| 








This equation can be written 


T,-0 — To, _ Ao _ wa 
“yay Ah a _- TS a = i > 
Techs 
‘ (me), ‘ h To(xro) — “| 

Ah] a; kk, (kro) 
Ta 
cos 2a 


which has the form of 
P . £24 + Q Ta 
= sin -— cos = — 
2 as 2 as 


where P is a dimensionless tempera- 
ture parameter and Q a resistance 
parameter. 

If we had wished to find the tempera- 
ture at the element wall instead of at 
its center, exactly the same equation 
would hold except that the term 


A To(xro) —1 
Kk I,(xro) 
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Tullamore Model PHA-120 100-Channel 
Pulse Height Analyzer with 20-Channel Storage. 





100 CHANNE|, —_ac 





PULSE HEIGHT ANALYZER 


The Tullamore PHA-120 Analyzer—by Victoreen— 
is one of the most practical instruments available for 
low or moderate counting rate spectrometry. Features 
include uniform channel widths without adjustments 
... coverage of 100 channels in five steps . . . exact 
alignment of end channels in groups . . . no data dis- 
tortion up to 6000 cpm per channel... price that is 
as low as many single-channel instruments. 


AA-9737 


The Victoreen Instrument Company 
5806 Hough Avenue ¢ Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 
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Opportunities in 
Engineering Analysis 
at Atomics International 


A fast-growing backlog of major projects is creating future- 
assured openings for qualified nuclear scientists and engineers at 
Atomics International headquarters in the suburban San Fernando 
Valley near Los Angeles. AI is now developing a Sodium Reactor 
power station for Consumers Public Power District of Nebraska 
and an advanced type of power reactor for a group of fifteen utility 
companies in the Southwest. Overseas, five AI research reactors 
are in operation or under construction—and AI’s Organic Moder- 
ated Reactor is one of the three power reactor concepts the Atomic 
Energy Commission has approved for export to Euratom. 


Here are some typical current openings: 


Reactor Engineering. Analysis and design of over-all power reactor 
systems and components. Prefer power reactor background in 
engineering design and analysis. Experience in reactor safeguard 
analysis also valuable. 


Core Analysis. Complete nuclear analysis to include criticality, flux 
distribution, and reactivity requirements. Fuel cycle economics 
and optimization. 


Shielding. Analysis and design of biological and thermal shielding 
of large stationary power plants. Advanced studies and methods 
analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experi- 
mentation and analysis. Power optimization studies; free and 
forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor 
components subjected to mechanical loads, thermal cycling, and 
thermal shock. Advanced analytical studies in thermal stress 
fatigue, elastic and inelastic behavior of plates and shells, struc- 
tural dynamics, and electronic analog and digital computer 
application. 


Control. Over-all power plant control including reactor kinetics 
and systems simulation. Experience valuable in plant protection 
systems, radiation monitoring, and control systems. 


Write today for more details about exciting career 
opportunities: Mr.C.E.Newton, Personnel Office, 
Atomics International, 21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Senior Chemists, 
Physicists, 
Metallurgists 
and Engineers for 


FUEL ELEMENT 
DEVELOPMENT 


Fuel Materials.Senior Physical 
Metallurgists and Chemists 
for research and development 
of reactor fuels. Research in 
gas-metal systems, emphasis 
on structural, phase equilibria, 
and material properties. 


Alloy development of fuel 


and cladding materials for op- 
eration in power reactors up to 
temperatures of 1200°F. and 
higher. 


Study radiation effects, over- 


all evaluation of uranium and 
alloys and ceramics. 


Fuel Fabrication. Senior Metal- 
lurgical, Mechanical and Chem- 
ical Engineers for fabrication 
development of materials and 
elements. Includes both rod- 
type and plate-type elements 
and complex assemblies. De- 
velopment of non-destructive 
tests for these elements. 


Irradiation Experiments and 
Hot Lab Evaluation. Senior 
Physicists, Chemists and En- 
gineers to develop and conduct 
irradiation experiments to 
establish the behavior of fuel 
materials and prototype fuel 
elements under conditions of 
temperature and radiation an- 
ticipated in full scale power 
reactors. Also Senior person- 
nel to develop techniques and 
equipment for the post-irradi- 
ation testing and evaluation of 
these experiments. 


Write today for more de- 
tails about exciting career 
opportunities: Mr. C. E. 
Newton, Personnel Office, 
Atomics International, 
21600 Vanowen Street, 
Canoga Park, California. 





ATOMICS 


INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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would be missing (and 7, would re- 
place 7,9 of course). Thus the term 
in the square brackets represents the 
sum of the effective resistances in the 
fuel element, taking the film resistance 
as unity. 

We can now include other effects 
such as cladding and bond resistance. 
Table 2 shows the appropriate values 
of these resistances. S is the sum of 
the resistances up to the point where 
temperature is to be determined. 

An appreciable fraction of the fission 
energy may appear as gamma heating 
in the moderator; this reduces the 
temperature drop in the fuel element 
but does not change the temperature 
rise in the coolant. Let the fraction of 
heat released in the element be p. We 
can also define a relative heat capacity 


n-(F)() 


Then the resistance parameter Q is 
Q = rpRS 


The resistances for the cladding and 
fuel elements are given in two ways, 
first for the complete section and sec- 
ond for the sections split into two parts. 
The latter enables the temperature to 
be found at any point within the clad- 
ding or the fuel element; at the same 
time it gives the appropriate form of 
resistances if either the cladding or fuel 
is composite (4). 

Table 1 lists the temperature at any 
section in terms of the dimensionless 
parameter P. The two equivalent 
forms for each geometry are obtained 
by dividing the actual temperature rise 
above the coolant-inlet temperature by 
the total coolant rise (7'., — T.,), or by 
the maximum heat release rate per unit 
area Qmax based on the area A. 
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OFFERS THE FINEST 
PROPERTY VALUES 
FOR FINER PRODUCTS 





i 








@ Absolute Chemical 
Purity 

@ Extreme Heat 

Resistance 


@ Thermal Shock 
Resistance 


@ Chemical inertness 


@ Outstanding Electrical 
Properties 


@ Full Range Radiant 
Energy Transmission 


In laboratories and other 
applications where critical 
requirements must be met, 
there is no room for second 
best. Vitreosil possesses 
properties of greatest value 
for: ultra-violet applica- 
tions, metallurgical investi- 
gations, chemical research, 
photochemistry, spectrosco- 
py, and many uses in phys- 
ical, optical and electrical 
research as well as prod- 
uct operations. 


Vitreosil is available in an 
unusually wide variety of 
types and sizes—Or, we'll 
be happy to fabricate to 
your specifications. Write 
us about your requirements 
today. For your conven- 
ience, use the coupon be- 
low. See our ad in Chemical 
Engineering Catalog. 






THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem Street 


Dover, New Jersey 





Please send technical data on 
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FISSION PRODUCTS 
NOW AVAILABLE 















































For the first time, kilocurie quantities of 
long-lived radioactive fission products 
are available for your development 
work. The new Fission Products Pilot 
Plant at Oak Ridge National Labora- 
tory makes it possible to distribute 
these isotopes at greatly-reduced prices: 


@ Cerium-144 

@ Cesium-137 

@ Promethium-147 
@ Strontium-90 

@ Technetium-99 


As the nation’s principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in- 
formation concerning compounds for 
source fabrication. Oxides, fluorides, 
chlorides, and plate sources are avail- 
able. Whatever your needs, we are 
ready to help you. Write to: Isotopes 
Division, Oak Ridge National Labora- 
tory, P.O. Box X, Oak Ridge, Tennessee. 





ISOTOPES DIVISION 
Oak Ridge National Laboratory 


Operated by 


UNION CARBIDE CORPORATION 
for the 
U.S. ATOMIC ENERGY COMMISSION 





























Radiation Stability of Deuterated 
Beryllium Complex Moderator 


By MARIO A. ROLLIER and VERA MAXIA 


Institute of General and Inorganic Chemistry 


University of Cagliari, Sardinia, Italy 


STRUCTURE of deuterated beryllium 
acetate complex. Central oxygen 
atom is surrounded tetrahedrally by 
four beryllium atoms; of six chelate 
rings, two corresponding to edges 
Be,-Bes; and Be»2-Be, are omitted for 
simplification 


A deuterated basic beryllium acetate 
complex, Bes,O(CD;COO), (1) (see 
illustration), shows sufficient thermal 
and irradiation stability to be used as 
moderator-coolant in natural-uranium 
reactors with close-packed lattices and 
small cores. Like other organic mate- 
rials considered for reactor use, it has 
the advantages over heavy water of 
high boiling point and low vapor pres- 
sure at low temperatures. 

The thermal stability of the deuter- 
ated beryllium complex (BCD) is simi- 
lar to that of the nondeuterated basic 
complex: both melt around 292° C, boil 
around 330° C and distill without 
decomposition (2). 


Irradiation Test 


A sample of BCD was irradiated in a 
cobalt-60 source at Atomics Interna- 
tional, Canoga Park, Calif. Stability 
under gamma irradiation appears to 
provide a good measure of stability in 
mixed reactor radiations, according to 





Atomics International experience with 
terphenyl in the Organic Moderated 
Reactor Experiment and in a gamma 
and beta field (3). 

A 5.3-gm sample of BCD was loaded 
into an aluminum capsule fitted at one 
end with a valve and at the other end 
with a screw cap that holds an alumi- 
num plate tightly on an aluminum 
O-ring gasket. The capsule void was 
30 ml. The capsule was then evacu- 
ated to 0.03 micron. No leaks were 
apparent with a helium leak tester. 
The capsule was flushed with argon and 
evacuated again to 0.03 micron. 

The irradiation was for 66 hr at a 
dose rate of 1.4 X 1018 ev/gm/min to 
a total absorbed dose of 3.25 X 10 ev. 
The source-cavity temperature was 
~35° C. 


Irradiation Results 


After irradiation, the capsule was 
connected through a vacuum line to 4 
graduated barometer tube; the system 





TABLE 1—Gamma Irradiation of BCD at 35° C 





Energy 
Total input 
Amount absorbed (watt- Gas yield 
(gm) dose (ev)  hr/gm) (moles) 








Gas composition 
(% by volume) 


—— 








Not con- Con- 
densed at densed at 
Gens* Galteration® —180°C — 180° C 





5.3 3.25 X 107? 





0.273 11.6 X 10-> 0.215 0.02362 


* Decomposition is expressed as the number of molecules of gas (Ggas) formed or molecules 
of BCD decomposed (Gaiteration) per 100 ev absorbed (4). 


72.3 27.7 
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‘8 on a heavy-duty balance... 


On the new W-8 balance, 8 kilograms can be 

weighed precisely to +1 mg. 

Whether less than a gram or the maximum capacity 
of 8000 grams is weighed, the precision remains 

the same. This is only possible on a balance weighing 
by substitution, i.e., under constant load. The new 

a W-5 (Capacity 5000g ) and W-8 work on that principle. 
OTHER HIGHLIGHTS OF THIS NEW METTLER PRODUCT: 





Remote-control operation for 
radioactive or toxic substances. 


Operated by hand for harmless 





Special built-in pre-weighing fea- 
ture, which gives the approximate 
weight of the object for easy set- 


objects. ting of the mechanical weights. 
+ 2 Do not fail to request our complete file on this and other METTLER balances and scales. 
Sie Gui a a 
ORPORATIO 
TYPE-W8 cs ; 0 » 








A COMPLETE NMR‘ FIELD CONTROL 
SYSTEM FOR LESS THAN $3,000 
e Up to 30,000 gauss e Adaptable 
© Stability exceeds 1/105 e Compact 


NMR instrumentation, electromagnets and power supplies, 
error signal comparator . . . digital components. 


*Nuclear Magnetic Resonance 


® 


HARVEY-WELLS ELECTRONICS, INC. 
Research and Development Division 
_5168 WASHINGTON ST., W. ROXBURY 32, MASS. 








HI-VOLUME 
AIR SAMPLER 


accurately samples the air for 


radioactive material, particulate matter, etc. 


Hundreds used in Atomic Energy tests, and by Industries 
employing, developing and manufacturing nuclear 
products . . . Literally “inhales” an entire area with 
unparalleled speed and accuracy . . . Particles as small 
as 1/100th a micron in diameter have been accurately 
sampled by this unit . . . Portable . . . Designed for 
indoor and outdoor use . . . Indispensable for series or 


unit tests. 24V, 110V, & 
THES foplex (0. 


220 V models available. 
AIR SAMPLER DIVISION 
783—Sth Ave., Brooklyn 32, N.Y. 
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—either in the U. S. or abroad—contact 
Molesworth Associates 


the only promotional company in the world specializ- 
ing in nucleonics and other industrial technologies. 


News and feature articles, publications, advertise- 
ments and related promotional materials on a wide 
variety of technical subjects accurately reflect our 
staff's 40-man years of experience in this professional 
field. 


With two agency relationships plus many press and 
industrial contacts abroad, we are uniquely qualified 
to plan and conduct either domestic or world-wide 
promotion and marketing programs for your 
organization. 


We are currently serving 19 technically-based 
companies. 


We invite you to be the 20th. 


Molesworth Associates 


260 Madison Avenue, New York 16, New York 
73 Tremont Street, Boston 8, Massachusetts 
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TABLE 2—X-ray Powder Diffraction Data* 





Diffraction 











line 1/d? of BCD 

(hkl) Intensity Be,O(CH;COO),. nontrradiated irradiated 
311 Medium 0.042 0.042 0.042 
222 Medium 0.049 0.047 0.048 
400 Very strong 0.062 0.062 0.062 
331 Strong 0.074 0.075 0.074 
422 Very strong 0.094 0.094 0.094 
440 Faint 0.126 0.126 0.126 
531 Weak 0.138 0.137 0.138 
620 Medium 0.155 0.157 0.157 





* The value of the lattice constant is, for the nondeuterated beryllium compler, 
= 15.97 + 0.01 A; for the deuterated beryllium complex, ao = 15.99 + 0.02 A. 





was evacuated to 0.01 micron and of irradiated and nonirradiated BCD 
tested for leaks. The capsule valve (Table 2). No new diffraction lines 
was then opened and the gas volume _ were observed in the irradiated-BCD 
measured. Thetotalvolumeoftubing, diffraction pattern. 


valve and capsule was measured by The irradiated sample shows a weak 
filling with mercury and weighing the pink shade. An attempt was made to 
mercury. isolate an altered solid residue by dis- 


A 50-ml bottle was connected with solving the irradiated BCD in chloro- 
the line and sunk in a Dewar flask con- form and centrifuging, but the amount 
taining liquid air to solidify the gases, of solid material left was negligible and 
mostly water vapor and CO. The insufficient for analysis. 
volume of the unsolidified gas was then The results of this test show that the 
measured. Theamountofdecomposed radiation stability of BCD is markedly 
BCD was determined by weighing the _ better than might be expected from the 
irradiated sample collected after un- published data on the irradiation of 
screwing the capsule cap. carboxylic acids and their salts. The 

The weight difference of the pre-and _ results also underline the covalent 
postirradiated BCD was 0.054 gm, or nature of the complex. 

1.02%. The total gas volume was 2.6 
ml. Corresponding values for ter- 
phenyl irradiation were 0.22% and 
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BRIGHT NEW ADDITION TO AN ANCIENT ART 


In the post-war flood of fresh de- 
sign ideas the Cameron Split-Die 
forging technique has made metal- 
working history. Until Cameron 
developed this process ferrous forg- 
ings had followed a tradition-bound 
course which led inevitably to limi- 
tations in the many great advan- 
tages offered by forged members. 
The forged AISI Type 304 stainless 
steel check valve bodies for nuclear 
power plants illustrated above show 
how this new addition to an ancient 
art pushes traditional barriers into 
the past. 

Instead of one moving die closing 
on a heated billet Cameron uses 
several. Piercing punches move in 
with thousands of tons pressure to 
force metal into the die cavities. 
Ferrous forgings to 8,000 Ibs. pro- 
duced by this method emerge from 
our presses in near final form. A 
vast array of shapes and sizes, 
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heretofore impossible to forge in 
one piece, are now solving knotty 
problems in many demanding 
applications. 


Every single production phase from 
melting the high quality steels for 
our ingot supply through blooming, 
forging and heat treating to final 





machining is performed in our 
shops under constant control. Grain 
structures in these forgings are con- 
trollable, welds are eliminated and 
machining is easier. The end prod- 
uct is a better component which 
costs less. 

Extreme service components for 
nuclear power plants, airframes, jet 
engines, guided missiles and a wide 
variety of other uses are finding a 
solution in this new addition to the 
ancient art of ferrous forging. With 
our split-die presses we also op- 
erate straight down-acting presses 
and hammers. If you have a ferrous 
metal forming requirement which 
calls for quality and economy, let 
us apply this bright new idea to 
your problem. 


IRON WORKS, inc. 


SPECIAL PRODUCTS DEPARTMENT 
P. O. Box 1212, Houston, Texas 
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Heat source 


Radionuclide 
capsule 


APPLIED RADIATION 








et 


Electrical 
terminals 





Semiconductor 
elements 


Brass and 
copper shell 


Cold junction 


FIG. 1. RADIONUCLIDE BATTERY has 
heat source at center. Heat flows 
through semiconductor elements to gen- 
erate thermoelectricity 


SNAP-III—Electricity from Radionuclides 
and Thermoelectric Conversion 


By MELVIN BARMAT 
The Martin Co. 
Baltimore, Maryland 


G. M. ANDERSON 
U.S. Atomic Energy Commission 
Germantown, Maryland 





Characteristics, SNAP-IIIl Generator Fully Fueled 





Physical Dimensions 


Diameter 4.75 in. 
Height 5.5 in. 
Weight 5 lb 


Radioisotope, (Po?!°, 138-day half-life) 


Quantity (curies) 
Gamma dose rate (at 1 meter) 
(at generator surface) 


Thermal 
Watts input 
Hot junction temperature 
Cold junction temperature 


Electrical 
Watts output (matched load) 
Efficiency 
Voltage (open circuit) 
Generator impedance 


Initial 
3,000 

~7 mr/hr 
-~700 mr/hr 


96 
~1,100° F 
~400° F 


5.3 
5.5% 
4.3 

-~2 ohms 


At half-life 


1,500 
~3.5 


~350 


49 


~~750° F 
~170° F 


or bo 
or bo or 
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and E. WAYNE BOLLMEIER 


Minnesota Mining and Manufacturing Co. 
St. Paul, Minnesota 


SNAP-III is a_ proof-of-principle 
project designed to generate useful 
electrical power from the heat of radio- 
active disintegration. The first oper- 
ating model was delivered to the Atomic 
Energy Commission on January 13 and 
demonstrated at the White House a 
few days later. It is about the size of 
a grapefruit, weighs 5 lb and delivered 
2.5 watts at an over-all efficiency of 
~59% as originally demonstrated. 

The demonstration model consisted 
of a small central heat source contain- 
ing 1,760 curies of Po?!°, 54 semiconduc- 
tor thermoelectric elements, and an 
outer shell designed to radiate heat to 
free space. Figure 1 is a cutaway 
drawing, and Fig. 2 shows the unit con- 
nected for testing. The table on this 
page lists the characteristics of a full- 
scale device, which is the same in all 
respects except for a larger fuel charge. 


May, 1959 - NUCLEONIG 











Available power decreases as the fuel 
decays. However, if the device de- 
livers useful energy at the rate available 
after one half-life and the excess is 
dumped, a fully fueled, 3,000-curie 
generator can be expected to deliver 
9000 useful watt-hrs during its first 
half-life. This can be compared to 
250 watt-hrs from 5 lbs of ordinary dry 
cells and 400 watt-hrs from 5 lbs of the 
best available chemical batteries—sil- 
ver-zinc batteries. 


Usefulness 


A light, compact, long-lived power 
source has many applications. On the 
earth it can power remote warning 
beacons, navigational aids and remote 
weather stations. In space there are 
many uses in satellites and space 
vehicles. The letters of SNAP stand 
for Systems for Nuclear Auxiliary 
Power. 

Other power supplies have definite 
limitations for space applications. 
Using solar energy for anything but 
small power requirements is difficult 
because of its small power density. 
Weight considerations limit the useful- 





FIG. 2, CONNECTED FOR TEST unit 
delivers a maximum of 2.53 watts from 
input of 49 watts. Open circuit po- 
tential is 3.5 volts 


ness of conventional chemical and elec- 
trochemical energy reservoirs. Nu- 
clear reactors are appropriate for some 
applications because their power densi- 
ties are as great as 5,000 thermal watts/ 
lb, but they are limited by their mini- 
mum critical mass and the likely re- 
quirement of moving parts or fluids. 
The SNAP-III program began in 
April, 1958, with award of an AEC con- 








tract to the Nuclear Division of The 
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Versatile Research Accelerator 
3-Mev Model K 


Van deGraatt* 
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Photos Courtesy of Gulf Research and Development Company 


This powerful multi-particle accelerator 
— proved in the field — is the basic tool 
for a broad program of fundamental or 
applied radiation research. 


Now in use for: nuclear physics, 
radiation processing, polymerization, 
radiation chemistry, reactor engineer- 
ing, sterilization, radiation damage, 
biology, particle injection, radiography. 

ELECTRONS: | microamp to 1 milliamp. 
: X-RAYS: 900 R per minute at one meter. 
The re See he — de aes (Equivalent to 20,000 curies of Co-60). 
can sallation ac illustrated ebave. POSITIVE IONS: 10 to 200 microamp. 


stallation as illustrated above. 
. P ° 11 
Write our Technical Sales Depart- NEUTRONS: 6 x 10!! neutrons per amp. 








ment for more information onthe | Voltage and current output are stable, pre- 
Model K, 3-Mev Van de Graaff. cisely controlled, andcontinuously variable. 


Hy HIGH VOLTAGE ENGINEERING 


CORPORATION 
~~ BURLINGTON MASSACHUSETTS 
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FINALLY 
™ “tae LIGHT 


The weighty problems of 
light collection have puzzled 
us for some time. Now we 
are pleased to announce the 
development and availability 
of compacted powder reflec- 
tors for our Plastic Phosphor 
NE102. These new reflec- 
tors provide a light diffusion 
efficiency equivalent to MgO 
powder, but form an adher- 
ent coating without resinous 
binder. The light collection 
efficiency of our plastic phos- 
phors is thus greatly enhanced 
over that provided by painted 
reflectors. 


Our Scintillation Phosphors 


include: 


e Plastic Phosphor NE102 as 
cylinders, slabs and well- 
type units with compacted 
reflectors. 


¢ Spiral Plastic Capillary Flow 
Counter for alpha and beta 
detection in aqueous solu- 
tions. 


e Fast neutron detector NE404. 


e Thermal Neutron Detectors 
NE400 and NE401 with 
enriched B” 


¢ Loaded Liquid Scintillators 
containing Cd, Gd, Pb, 
Sm, B and _ Scintillating 
Gels 


© Scintillation Chemicals. 
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Martin Co. The goal was proof-of- 
principle models using static energy- 
conversion devices. 

The initial demonstration device uses 
a thermopile purchased to specification 
from the Minnesota Mining and Manu- 
facturing Co., St. Paul, Minn. It is 
based on their previously developed 
material used in gas-burner controls. 

Three subcontracts were let for heat- 
to-electricity converters. One for a 
thermoelectric device went to Westing- 
house Electric Corp. Two for thermi- 
onic devices went to Thermo Electron 
Engineering Corp., Cambridge, Mass., 
and United Electronics, Newark, N. J. 
Work by these subcontractors is 
continuing. 


Heat Source 


Its availability, large power density 
and low gamma emission led us to 
choose Po*!* as the radionuclide fuel for 
SNAP-III. Its 5.3-Mev alpha particle 
and 138-day half-life give an extremely 
high power density. The small gamma 






FIG. 3. TOP VIEW shows 27 thermo- 
electric element pairs, which are ther- 
mally in parallel, electrically in series 


emission makes it safe to observe and 
handle the unit in the laboratory during 
electrical and thermal measurements, 
A wide variety of nuclides can be 
used. The heat-source size was chosen 
to permit using Ce‘. The 290-day 
half-life nearly doubles the useful 
energy output (measured in watt-hours 
per pound) as compared with Po*!® 
fueling. Fueling with 28-yr Sr® would 
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Electron flow 


FIG. 4. THERMOELECTRIC ACTION in n-type semiconductor requires small number 
of free electrons, uniformly distributed, when material is at uniform temperature 
(a). Heating one end supplies excess of free electrons (b), which diffuse through 
material to create excess negative charge and electron flow (c) 
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folhon ACE ADVANCE Towarp Making “ATOMS FOR PEACE a /auly" 





<ace> hoiling water reactor 


ACF’s nuclear know-how and extensive experience has again resulted in a reactor 
of superior design — the ACF Boiling Water Reactor. This technically proved and 
economically attractive nuclear heat source can be readily applied to the production 
of steam for use in electric power generation, in process heat and propulsion. 





The boiling water reactor concept is ideally suited for application in electrical 
generating plants such as the one ACF is now building for the Rural Cooperative 
Power Association at Elk River, Minnesota. This type of power unit, which can be 


added to existing conventional facilities or operate as a part of an all-nuclear plant 
is capable of producing up to 50,000 kilowatts of electricity. 


t Engineering studies done at ACF have resulted in a design of a nuclear reactor system 
which will supply process steam for industrial uses, on an economically attractive 
basis. This plant, generating 100 mw of heat and 300,000 lb/hr of 190 psia 375°F 

steam, would employ the basic proven concepts of the boiling water reactor. 


e 
The application of the boiling water reactor as a power plant for the propulsion of 
rOpu S| i] maritime vessels, has been carefully studied by the ACF staff. ACF is prepared to 





offer their engineering and design services as well as manufacturing and installation 
supervision on maritime nuclear propulsion projects involving boiling water reactors. 


er WRITE TODAY FOR ILLUSTRATED BROCHURE “NUCLEAR REACTORS" 


NUCLEAR PRODUCTS—ERCO 


Division of (CF Industries Incorporated + 508 Kennedy Street N. W., Washington | I, D.C. 
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PEELLE 
DOORS 




































WHAT IT TAKES TO SUPPLY DOORS 
FOR NUCLEAR STRUCTURES 


The engineering and functional aspects 
of doors used in hot cells, reactors, irra- 
diation chambers and other nuclear 
structures pose many unusual problems 
that most door fabricators have never 
had to face. 


Materials of great weight and density 
are used in nuclear shielding doors. 
Such doors may be made of lead, steel, 
concrete—sometimes heavy aggregate 
concrete—and often of a combination 
of these and other materials. 


A great wealth of design and engineer- 
ing experience, gained in furnishing 
doors for X-ray rooms, high frequency 
sound laboratories, jet engine test cells 
and for some of the most prominent 
nuclear laboratories in the world places 
The Peelle Company in a strong posi- 
tion to engineer, fabricate and install 
the various types of doors required for 
nuclear facilities. 


Write for color brochure containing 
photos and descriptions of an interest- 
ing variety of Peelle nuclear door 
installations. 








ENGINEERED 
FOR THE 
BUILDING 
INOUSTRY 


PEELE: RICHMOND PRODUCTS 


THE PEELLE COMPANY 


47 Stewart Avenue, BROOKLYN 37,N.Y. 
4037 N. Kedzie Ave., CHICAGO 18, ILL. 
34 South 17th St., PHILADELPHIA 3, PA. 


OFFICES IN PRINCIPAL CITIES 
170 








INDUSTRIAL RESEARCH LABORATORIES, INC., Plainsboro, New Jersey 
ARCHITECTS: SKIDMORE, OWINGS & MERRILL + GENERAL CONTRACTORS: TURNER CONSTRUCTION CO. 


for Nuclear Applications 














HOT CELL DOORS 
AT PLAINSBORO, N. J. 


The above battery of hot cell 
doors was photographed in the 
Industrial Reactor Laboratories for 
which Peelle engineered and 
installed eight nuclear shielding 
doors of various kinds. Photo at 
left shows one of these doors par- 
tially opened. Each of these doors 
weighs 26 tons and consists of a 
3’ thick steel shell filled with con- 
crete and hung on massive steel 
hinges of superior design. A trans- 
fer hole in each door permits 
placing small objects in the cell 
while the door is closed. 





ARCHITECTS & ENGINEERS: SHAW, METZ & DOLIO 
CONSULTANTS: GENERAL NUCLEAR ENGINEERS, INC. 


HOT LAB DOOR IN CARACAS, VENEZUELA 


This Peelle center parting, horizontal sliding door in the 1.V.1.C. Reactor 
Building is motorized. To provide extra hall space, the door panels were 
constructed of machined solid steel slabs, measuring 16” in thickness 
and weighing 15 tons. The opening frame consists of heavy steel slabs 
to provide proper shielding and interlocking. 
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increase the watt-hours-per-pound out- 
put considerably. However, redesign 
of the heat source for the lower power 
density would increase extraneous heat 
lossand thus decrease over-all efficiency. 

Mound Laboratories* supplied encap- 
sulated Po?! for the first unit. Each of 
two small stainless-steel cylinders con- 
tained 880 curies. Tapered plugs, 
Heliare welded with 100% penetration, 
close the capsules. After leak check- 
ing, the two cylinders are inserted into 
a third stainless-steel capsule, and this 
is sealed with the same tapered-plug 
and Heliare techniques. 

At the Martin Co. this outer capsule 
goes into a molybdenum container, 
flame coated to prevent oxidation. 
Helium at ten atmospheres is the ther- 
mal bond between stainless steel and 
molybdenum. A pin plug supplied by 


Lee Manufacturing Co., Westbrook, 
Conn., seals the molybdenum con- 
tainer. This provides a final seal with- 


out extreme heat that might damage 
the Heliare welds. The molybdenum 
container is tapered to provide a good 
fit and good thermal contact with the 
hot-junction ring of the thermopile. 


Thermoelectric Conversion 


The heat cylinder with its fuel cap- 
sule is supported in the outside shell by 
lead telluride semiconductor elements, 


which operate as thermoelectric con- | 


Heat insulation provides sec- 
ondary support. Radial elements sup- 
port the heat source in an aluminum 
outer ring that is the cold junction. 
This in turn is mounted with good ther- 
mal contact in a copper and brass shell 
with a short cylindrical midsection and 
The arrangement 


verters. 


hemispherical ends. 
is shown in Fig. 3. 

The converter elements are lead 
telluride. Half of them are doped with 
bismuth to make them n-type semi- 
conductors; half are doped with sodium 
to make them p-type. A flow of heat 
through an n-type element makes the 
cold end negative with respect to the 
hot end (2). In a p-type element the 
cold end is positive. Thus a bank of 
them between a heat source and a cold 
radiator can be connected electrically 
in series so that all of their potential 
differences add. 

In an n-type unit, heat raises an 
excess of electrons into conduction 





* AEC facility at Miamisburg, Ohio, 


operated by Monsanto Chemical Co. 
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What Does a Slide Pin Have to Do 
With the Cost of VACUUM? 





Wnite 


Ask for catalogs on the | 
High Vacuum Pumps 
or Equipment that will 
LOWER YOUR COSTS. 


/ 






| CO Single-Stage Pumps (J Compound Pumps 
(1) Mechanical Booster Pumps and 0 





micron”, 
*McLeod Gage 


® 


In addition to the famous Kinney Line of 
High Vacuum Pumps, Kinney also offers 


advanced design High Vacuum compo- 


nents and complete systems. 


| KINNEY MFG. DIVISION 


Ire NEW YORK AIR BRAKE COMPANY 


A rotary piston mechanical pump must have a slide pin! 
And, there’s a dramatic difference in the cost picture 
between a precision-built, one-piece KINNEY slide pin 
and one that doesn’t possess the same engineering nice- 
ties. The performance record of KINNEY High Vacuum 
Pumps in production service accents fhe big savings in 
wear, maintenance and downtime of KINNEY one-piece 
slide pin design. Anything less than superior engineering, 
quality materials and true craftsmanship just does not 
belong in a critical part of a Vacuum Pump. You do not 
risk this gamble when you buy 


HIGH VACUUM PUMPS 


KINNEY—the top name in High Vacuum— 
offers the broadest selection of Single-Stage, 
Two-Stage and Mechanical Booster Pumps 
in the world with free air displacements 
from 2 to 5100 cfm. Single-Stage Pumps 
developing pressures of 10 microns". . 
Compound Pumps developing pressures of 
0.2 micron* and Two-Stage Mechanical 
Booster Pumps developing pressures to 0.1 





3614E WASHINGTON STREET + BOSTON 30 


MASS. 


Please send me latest catalog bulletins on 


(§) 





Name. 





Company. 





| Address. 





Zone 


State 





City 
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EXPERIENCE 
and INGENUITY 
MADE THE 
DIFFERENCE 


. . . between the complex, costly ap- 
paratus one might expect, and the 
practical portability of this relatively 
simple, inexpensive device. 

The broad general experience of the 
Associated Nucleonics staff, applied to 
the difficult problem of shielding a 
“hot” source, resulted in the ingenious 
mechanisms shown here. 

Utilizing the mercury switch principle, 
slight rotation causes mercury to flow 
from a reservoir—sealing the entrance 
and shielding the source. Another rota- 
tion returns the mercury to its reservoir 
allowing radiation. 

Now successfully being used in a labora- 
tory of the Veterinary College at Cornell 
University, this device demonstrates 
again that Associated Nucleonics can 
contribute best to your problems in 
nuclear design, theory, research and 
testing. 


For a fast reaction—write or phone 


975 STEWART AVENUE, GARDEN CITY, N. Y. 
A Subsidiary of Stone & Webster Engineering Corporation 


Our association with Stone & Webster En- 
gineering Corporation provides the finest 
engineering capabilities and construction 
supervision anywhere! 


*Patent Applied For 


APPLIED RADIATION 


This article starts on page 166 


bands at the hot end as shown in Fig. 4 
Diffusion causes the free electrons to 
drift toward the cold end. Thus the 
cold end acquires more electrons than 
|it has protons. In an external circuit 
|the electron excess flows back from 
cold end to hot end. Thus the cold 
end is a negative terminal and the hot 
end is positive. Ina p-type unit there 
is an excess of unfilled positions for 
electrons in the conduction bands, 
These unfilled positions or “holes” 
behave as if they had positive mass and 
positive charge. A temperature differ- 
ence causes the holes to behave as elec- 
trons do in n-type elements. Thus the 
hot end is negative, and the cold end 
positive. 
| The present thermopile is a highly 
| refined development of a system built 
| and proven practical in 1952 (1). 
Since that time many improvements 
have become available including higher- 
efficiency materials, better thermal and 
electrical contacting, better material 
compatibilities and longer operating 
life. However, the present objective 
is straightforward design and construc- 
tion, not research. Thus proven mate- 
rials are used similar to those supplied 
by Minnesota Mining and Manufac- 
turing for gas-burner controls. Time 
did not permit using more advanced 
thermoelectric materials of shorter 
history. 

Original performance objectives were 
as follows: 





3.0 watts 
2.5 volts 
8 lb maximum 


Power output 
Voltage, full load 
| Weight 

Other specifications calculated from 
basic objectives or fixed by thermoelec- 
tric materials were: 


Thermopile 
Temperature, hot junction 1,100°F 
Temperature, cold junction 400° F 
Number of couples 27 
Internal resistance 2.05 ohms 
Over-all conversion efficiency 4% 
Thermoelectric elements 
n-area/p area (both ideal and 

actual) 0.89 
Voltage output per couple, 

matched load 93.25 mv 
Length/area ratio (in) 

n elements 25.8 

p elements 22.9 





The p-type elements are made of 
| uniform material throughout. On the 
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Main 





impeller 
for primary 
Stainless steel tee casting furnished for Savannah coolant 
aver Cape volute. Eighteen-inch uniform wall section fitting furnished 


in C F-8 for Dresden Nuclear Power station. 


IRST 


UCLEAR 
OWER! 


Sixteen-inch swing check valve for reactive system 
for United States Navy, NUCLEAR POWERED service. 






Stainless steel primary coolant volute casing for 
United States Navy, NUCLEAR POWERED service. 


of corbien, low alley ond high allay beaks. 


Frat uso mpc of a tnt 





Complete testing facilities avaiable for: gamma and 

Fifty-five hundred 4 staint teel volute casi : aes Beitrn rodiogrophy, ye pansion, Zyle, Moto 

ity-Tive hundred pound stain ess $ ee volu e Casing : flux, ul ng, ani: 
for prenany coven San Ss Sewn . sess in sh noe mass spectrometer leak oe 


Quality irs!" = evident that we ove extremely wel gus 
ee a te fied to engineer, produce and inspect castings for any 
end use involved in NUCLEAR POWER and to any speci- 
fications which are in effect at the present time. 







im -ie). | | ae at Od 4d 


COMPANY 
rc O16). 1 @) 5 Ome b- 10) <) 
ne - 4 611 Marion Rd., Columbus 7, Ohio 


Primary coolant pump casing for United States Navy, = o o 
NUCLEAR POWERED service. Hickory 3-7453 TWX CL-61 
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FENN | 
Metal Forming = 
Equipment | 


Core of Your Nuclear Planning 


FENN PRECISION ROLLING MILLS are made in a complete range of sizes and types 
for laboratory, pilot run and production. They are designed and built to meet the 
requirements of nuclear metallurgy, including the newest and toughest metals. They 
can be supplied in both vertical and horizontal types with complete instrumentation 
for remote control and hooding where necessary. 


FENN ROTARY SWAGING MACHINES are the invaluable precision production tools 
for nuclear metal forming ... hot or cold. . . without producing chips. A complete range 
of sizes with capacities from 42” to 6” diameter. Models also available for internal 
reductions and with special length dies. Compact self-contained unit facilitates hooding. 


FENN DRAW BENCHES AND TURKS HEADS—Fenn makes both hydraulic and 
mechanically actuated draw benches with capacities from 2,000 to 40,000 pounds pull. 
Variable drawing and return speeds to fit your specific requirements. Fenn Turks 
Heads, with infinite adjustment of rolls, are a valuable accessory to draw benches 
for producing almost limitless shapes in wire, rod, or tube. 


European Representative: 


MARSHALL RICHARDS MACHINE CO., LTD. 


Crook * County Durham 


England. 


THE FENN MANUFACTURING COMPANY . 703 FENN ROAD, NEWINGTON, CONN. 


174 











APPLIED RADIATION 


This article starts on page 166 


other hand n-type elements have two 
segments each. The two segments are 
doped differently so that each operates 
with maximum effectiveness in the 
range of temperature to which it js 
subject. 

For maximum efficiency the designer 
should reduce unused heat flow to a 
minimum and design the best possible 
thermoelectric elements, taking into 
account such parameters as thermal 
conductivity, electrical resistivity, 
length and area. Ideally the heat 
source should be as small as possible 
and completely covered by thermo- 
electric material. However, shape and 
size are limited in SNAP-III by the 
requirements that the system be capa- 
ble of reloading and of being fueled with 
different radionuclides. 

Mechanical limitations permit cover- 
ing only 26% of the source area with 
thermoelectric material. Hot junc- 
tions are electrically insulated with thin 
mica plates. Cold junctions are insu- 
lated from the aluminum outer ring 
with Martin Hard Coat. This is an 
aluminum coating process that pro- 
vides a tough, thin, adherent, electri- 
cally insulating film. 

Experience indicates that the result- 
ing generator can be expected to have 
unlimited life. A protective atmos- 
phere is supplied to prevent deteriora- 
tion of the thermoelectric elements. 


Characteristics 


In the demonstration model weight 
is not minimal. Relatively simple de- 
sign changes and a few substitutions of 
materials could reduce the present 5 lb 
to less than 3 lb without much effect on 
power and efficiency. In an actual 
satellite application Po?!® would proba- 
bly not be used. Integrity of the pres- 
ent containment under the high tem- 
peratures encountered in launching 
failures and final re-entry is too uncer- 
tain to permit use of this radionuclide. 

In most other respects the generator 
meets operational demands: It is 
rugged; the radiator is designed to 
operate at a suitable temperature even 
despite incident heat from the sun; the 
entire unit can operate constantly at 
the highest temperature that will ever 
be experienced by the hot junction. 


BIBLIOGRAPHY 


1. R. W. Fritts, High voltage semimetal thermo 
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Société d‘Applications Industrielles de la Physique 
S.A.1.P. 
38, rue Gabriel Crié - MALAKOFF (Seine) 





NUCLEAR PHYSICS 
50-CHANNEL KICKSORTER “SA 50” 


@ Resolution: 1 millisecond. 


OTHER PRODUCTS: 


Single-channel kicksorters 
Scolers 

Scintillation spectrometers 
Proportional counters 


@. Maximum counting rate 10,000 cisec. At high counting rates, 
the dead time correction is well defined throughout, and 


the spectrum will not undergo any deformation. 
Cirevlation counters 

Pressurised ionisation chambers @ Indication on a 1: 10 scale, with interchangeable scales. 
lineor amplifiers 

Vibrating condensator type D.C. amplifiers 


Automatic sompling dispensers. 


@ For the integration, the graduation is in hundreds; for the 
last channel, graduation is in thousands. 


@ Release circuit for coincidence measurements of spectra. 





AGENTS: 

BELGIUM: DRUA, 205 Avenue Van Volxem, BRUSSELS 

DENMARK: LANGEBAEK & SON, Trondhjemsgade 9, COPENHAGEN 

NETHERLANDS: ENRAF-EVERSHED, Van Leeuwenhoeksingel 69, DELFT 

ITALY: AMPERE, Via Felice Casati 3, MILAN 

FINLAND: ISOTEKNO, 13A Mikontaku, HELSINKI 

JAPAN: RIKEI TRADING C®, Kosato Building, 12-4 Chome Shiba 
Tamura-Cho Minato-Ku, TOK YO 

SWITZERLAND: A. MAGAT, 28, rue de Vermont, GENEVA 

U.S.A.: LEVIANT, 239 Broadway, N.Y. 7., NEW YORK 
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. - - LOW COST NEUTRON GENERATORS 
IN UNITS UP TO 10/'° NEUTRONS/SEC. 


ee eee ee ee QT eT 


A.E.C. FUNDS NOW AVAILABLE FOR NUCLEAR 
TRAINING AT COLLEGE OR UNIVERSITY LEVEL: 
the new training program allows colleges and universi- 
ties to purchase such units as the Texas Nuclear 
Neutron Generator with federal funds. In addition 
T.N.C, has available its own curriculum and experi- 
poor | designed for use with the unit. Write for full 
etails. 


FACTS AND FIGURES: 

Output up to 10!° neutrons/sec continuous, Remote 
Operation, Mobile, No special building facilities re- 
quired, Easily operated and maintained, Beam Pulsing 
System available ° 


Training of Nuclear 
Scientists 
Instrument calibration 





@ All types of neutron 
diffusion studies on 
fast, intermediate and 











For further information write: 


slow critical assemblies 
Activation Analysis 

Neutron Scattering 
and Nuclear Reaction 





Well Logging 

Reseach 

Model 100-1 shown, 
complete with targets 
and installed, $19,950. 


TEXAS NUCLEAR Dept © Rediation demege FO A as 
studies able; write for infor- 


| 
| 
| CORPORATION 
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P. O. Box 9267 
AUSTIN, TEXAS 


@ Biological Studies 


mation) 
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PERSONNEL 


MONITORS 
with External Probe 


protection) 


Technical Associates, leading manus 
facturer of personnel monitors, ane 
nounces 2 new models based on 
original designs by Argonne National 
Laboratories. Model ALM-2X detects 
and measures Beta-Gamma contam- 
ination on hands and feet. Model 
ALM-1X detects and measures alpha 
contamination on hands. Both models 
include external probe for checking 
Clothing, hair, face, etc. 






Model ALM-2X 
Hand & Foct Monitor 





Model ALM-1X 
Hand Monitor 





In addition to the models shown, 
T/A also manufactures Hand & Shoe 
Counters employing the register 
read-out principle based on Hanford 
designs. 


Write for Bulletin No. 161 
oe S| 


TECHNICAL ASSOCIATES 





Instrumentation for Nuclear Research 
140 W. PROVIDENCIA AVE. * BURBANK, CALIF. 
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THIS THREE-SOURCE IRRADIATION FACILITY has electron accelerator, positive-ion 


accelerator and 15,000-curie Co®® facility 


New Radiation Facility at GE 


Three sources will produce radiations 
of all kinds for radiation-effects studies 
in a newly opened facility of the General 
Electric Co. The facility has been 
made by converting what used to be an 
overspeed test pit at GE’s General 
Engineering Laboratory in Schenec- 
tady. Sources include two Cockcroft- 
Walton accelerators for electrons and 
positive ions, respectively, and a Co 
source that will have 15,000 curies at 
full strength. The figure shows the 
arrangement. 

Gamma source. The cobalt is in 
the form of 14 X 2 X 34¢-in. stainless- 
steel-clad plates, each containing ~500 
curies. Up to 30 of them can be ar- 
ranged in a stainless-steel basket for a 
maximum dose rate of 500,000 r/hr. 
For irradiations of large or small pieces 
of equipment the source plates are 
raised from a 24-ft-deep water-filled 


| storage well into a 10 X 12 X 22-ft 





| room. 


Ten 3-in. wiring ducts lead to 
a control room. Closed-circuit tele- 
vision, a water-filled window and a mir- 
ror system are available for viewing. 

Accelerators. GE-built Cockcroft- 
Walton accelerators rated at 1 Mev and 
10 kw will supply both electrons and 
positive-ion beams. Both accelerators 
are of open rather than enclosed and 
pressurized construction. 

The cascade electron accelerator will 
deliver a 10-ma beam current and pro- 





vide a maximum dose rate of ~10" 
rad/hr in unit-density material. 

Deuterons will bombard beryllium 
targets to produce fast neutrons as the 
principal output of the positive-ion 
accelerator. Fast fluxes as great as 
10"! n/cm?/sec are available near the 
target. This flux will be essentially 
without slow neutrons. Thus fast- 
neutron effects can be separated from 
slow-neutron effects. By surrounding 
the beryllium target with water one 
can produce a slow-neutron flux of 
~10!° n/em?/sec. 

The ion accelerator will also be used 
for damage studies and surface treat- 
ments in which positive ions are used 
directly. For damage studies positive 
ions have two advantages over neu- 
trons: larger fluxes and larger collision 
cross sections. The flux can be as high 
as 1.6 X 10'5 particles/em?/sec. The 
positive charge makes collision cross 
sections for radiation-damage effects 
much larger than are neutron cross 
sections. 

Surface-modification studies will in- 
clude injection of impurity atoms into 
semiconductors to make pn junctions; 
e.g., p-type impurities can be injected 
into n-type materials by direct irradia- 
tion with the ions of the p-type mate 
rial. Other surface studies will include 
introduction of crystal defects at high 
densities. (Cont.) 
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HIGH PURITY ELECTROLYTIC CRYSTALLINE BORON 


Electrolytic BORON as a neutron absorber. 
Electrolytic BORON as a metal deoxidizer. 
Electrolytic BORON as a shielding material. 









Electrolytic BORON for hardness. 














2727 WOODHILL ROAD 





High purity BORIDES made by specialist. 
Typical BORON analysis grade AA-325 mesh 


COOPER METALLURGICAL ASSOCIATES 


Electrolytic BORON as a refractory material. 
Electrolytic BORON for control elements. 


Electrolytic BORON for unusual electrical properties. 
Electrolytic BORON in the form of micron particles or lumps. 


Boron 99.5-+- Magnesium nil 
Iron 15 Oxygen Aluminum nil 
Carbon .10 Silicon nil 





CLEVELAND 4 OHIO 




















Ceramist 






To develop new methods and new 
materials. This job requires ingenu- 
ity and creative thinking. 







Applicant will develop with newly created depart- 
ment in the Research and Development Division. 
He must be thoroughly trained in Theoretical Chem- 
istry, Crystallography and Inorganic Chemistry. 
Experience in high-temperature ceramics desirable. 

Applicant will work with high-temperature car- 
bides and oxides, thoria and beryllia. He must have 
at least a Master’s degree in some field of Inorganic 
Chemistry. 

We are a young, expanding, well-established firm 
— the nation’s first privately owned nuclear fuels 
company. 

This position offers a very attractive starting 
salary, numerous employee benefits including pen- 
sion and profit-sharing plans. 


nee fl 
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Send complete resume 
to Mr. Tom Fowler. 


NUCLEAR,INC. 
BOX 898, ATTLEBORO, MASSACHUSETTS 






















SCINTILLATION CRYSTALS 


Sodium Iodide (T1) 
Lithium Iodide (Eu) (Li and Li‘) 
Cesium Iodide (T1) 
Stilbene « Anthracene 
Plastifluor® Plastic Scintillator 


Available Unmounted or Mounted 
and Hermetically Sealed 


STABLE ISOTOPES 


Carbon 13 ¢ Nitrogen 15 
Deuterium * Oxygen 18 


Available in a Wide Variety 
of Labeled Compounds 


WRITE for Technical Bulletin 1571 
and price lists. 





431 Commercial Ave. 
Palisades Park, N. J. 
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Is it 
PPO... 


PBD.. e 
or 


POPOP? 





In this picture, POPOP has been 
photographed under ultra-violet light, 
dissolving in a beaker of toluene. If 
you guessed right, consider yourself 
among the initiated. 


PPO, PBD, and POPOP are scin- 
tillation grade fluors, known chem- 
ically as: 

2, 5-Diphenyloxazole 

Phenylbiphenylyloxadiazole-1, 3, 4 

p-Bis [2- (5-phenyloxazolyl)]-benzene 

Produced by Pilot Chemicals, Inc., 
they’re the purest available, with 
maximum light output and high 
melting point. But don’t take our 
word for it. Send us your name and 
title and we’ll send you a free sample 
of any one of the three. 


Other Pilot Fluors Always in Stock: 
BOPOB- p-Bis [2-(5-p-biphenylyloxazolyl)]-benzene 
BBO-2, 5-Dibiphenylyloxazole 
Diphenylacetylene 
9, 10-Diphenylanthracene 
p, p’-Diphenylstilbene 
ALPHA-NPO — 2-(1-Naphthyl)-5-phenyloxazole 
p-Quaterpheny! 











p-Terphenyl 
1, 1, 4, 4-Tetraphenylbutadiene 
Only Pilot manufactures both 


fluors and plastic scintillators. Write 
for help on special problems. Ask 
for bulletin 591. 





CHEMICALS, INC. 


36 Pleasant Street, Watertown 72, Mass. 
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RUSSIAN NUCLEONICS 





Analogs Expedite 
Reactor Design 


Electronic analog computers seem to be doing the same 
job for reactor designers in the USSR as they do in the 
U.S. Just like U. S. engineers, the Russians turn to 
analogs when they run into reactor-analysis problems that involve long sets of 
coupled differential equations (such as analysis of reactor-system dynamic re 
sponse). In a recent (July 1958) review* of their experience, Russian authors 
find that analogs are particularly useful for survey work (finding the best solution 
from many alternatives); they then use digital computers to check the chosen 
solution more accurately. They feel that the low accuracy (1-10%) of analogsis 
not a serious handicap because the input data itself is accurate to only a few per 
cent in most uses. 

Two sizes of analogs are being manufactured in the Soviet Union; small analogs 
(~16 amplifiers) and large analogs (~80 amplifiers). The table lists the fea- 
tures of analog models typical of each size. 

In both countries analogs apparently find their greatest use in reactor control 
problems. The Russians report on a second use that as yet is not widespread in 
the U. S.—computing isotopic concentrations in reactor fuel as a function of 
burnup. The authors describe a burnup calculation that uses a model based ona 
set of six first-order differential equations. A MN-7 analog (see table) gives the 
time-dependent solutions for six isotopic concentrations (three isotopes for U and 
three for Pu). 





Typical Russian Analogs 














Highest order Integrating Nonlinear 
Model eq. solved time (sec) Amplifiers converters 
MN-7 6 200 16 4 
MN-8 32 1,800 80 10 
Coefficients 
Multipl. Delay Power Weight 
units units constant variable (kw) (kg) 
4 1 ag ~- 0.75 170 
12 4 48 36 25 6,000 





* Amplifier input resistance settings provide additional coefficients. 





Given a reactor with a certain flux level, what are the 
parameters of a circulating loop that lead to a maxi- 
mum of gamma radiation in an associated irradiation 
facility? Russian workers have solved this problem in considerable detail for 
both ideal and actual loops.t (An ideal loop is defined as one in which time spent 
by the activated nuclide in reactor-to-irradiator connections is negligible.) 

They developed a general theory on the assumption that the activated nuclide 
forms one radioactive product without radioactive daughters. At first it is as- 
sumed that times in the reactor and times in the irradiator are variable. It is 
shown that the greatest radiation intensity one can hope for is A/4 where A is the 
product of neutron flux, activation cross section, nuclide density and disintegration 
energy. One loses very little by choosing a simple cycle in which reactor time 
and irradiator time are constant. Graphs permit choosing optimal parameters, 
and detailed computation examines an actual indium loop. 


Optimal Design of 
Irradiation Loops 


* * * 


These items are abstracted from English translations provided by Consultants Bureau, Ine., 
227 W. 17 St., New York, N. Y.; complete translations of the original Atomnaya Energiya 
articles are available from Consultants Bureau at $12.50 each. 





*V. V. Korolev, I. I. Sidorova, Electrical simulation of nuclear reactors, Atomnays 
Energiya 5, No. 1, 29 (1958). 
+ Iu. S. Riebukhin, A. Kh. Breger, Atomnaya Energiya 5, No. 5, 533 (1958). 
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The 
Shi 
Ato 








miniature electronic 


POTENTIOMETER 
and BRIDGE 
INSTRUMENTS 


BRISTOL Indicating Electronic Dynamaster* Potentiometerand Bridge 
(shown below) has 8” effective scale length. Recording Electronic 
Dynamaster (left) has 3" chart. Panel sizes: Only 5" x 5%". 














for nuclear power and test reactors 





Large-scale Dyna- 
master—11" chart. 


The now-famous 
Shippingport, Pa., 
Atomic Power Sta- 
tion... The Bristol 
Company is one of 
the instrument 
Suppliers. 








More and more reactors are going on the 
line under Bristol measurement and con- 
trol, and they’re specified for many more 
under construction. 


Miniature Bristol Electronic Dynamaster* Indicators and 
Recorders, furnished as either potentiometers or bridges, 
can measure any variable that can be transduced to an elec- 
trical quantity... pressure, flow, temperature, liquid level, pH, 
and conductivity. Already, in the nuclear industry as in hun- 
dreds of others, these high-precision miniature instruments 
are establishing an outstanding record for reliability, con- 
sistent performance, and utmost flexibility. Here are just a 
few reasons why: 


FULL PLUG-IN FLEXIBILITY. You can interchange chassis in 
ten seconds... replace it with either recorder or indicator 
instruments... both plug in easily without tools. Chassis 
also pulls out to intermediate position for chart changing 
and inking without disconnecting from circuit. Easy range 
change, too. 

These features simplify planning of graphic control panels. 
Fifteen miniatures mount in less space than two full-sized 
units. The Bristol Company, 147 Bristol Road, Waterbury 
20, Connecticut. os *T.M. Reg.U.S. Pat. Of. 


SSRIS : OL TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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...in any enrichment 


...as sinterable powder 

...as high-fired powder 

..-as high-fired spheroids 

.-.as high-density pellets, 
plates, rings or 
cylinders 

.-- pure, or in combination 


with other materials, 
such as ThOs 


Also: UO;, U;0s; UC, UC.; UF,; 
ammonium diuranate; uranyl nitrate, 
sulfate, chloride and fluoride, as well 
as other compounds. 


Also: Uranium and thorium alloys; 
metallic and ceramic dispersions; con- 
trol and moderating materials. 

Continuous process conversion 
from UF, assures product uniformity. 

Fully integrated facilities — UF, 
conversion, fabrication, scrap recov- 
ery—are your guarantee of maxi- 
mum economy and quality. 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apollo, Pennsylvania 
Telephone: GRover 2-8411 Cable NUMEC 
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Annual Review of Nuclear Sci- 
ence, Vol. 8, 1958 


E. SEGRE, editor (Annual Reviews, Inc., Palo 
Alto, Calif., 1958, vii + 417 pages, $7.00) 


Reviewed by WINsLow F. Baker, Nevis 
Cyclotron Laboratory, Columbia Univer- 
sity, Irvington-on-Hudson, N. Y. 

With the ever-increasing number of 
highly specialized reports and papers 
in the many fields of nuclear science, 
one has come to look forward to the 
concise and authoritative summaries in 
the Annual Reviews. Volume 8 meets 
the high standards of its predecessors. 

Included in this volume are reviews 
of recent work in experimental and 
theoretical nuclear physics, including 
the apparatus. There are also articles 
in the related fields of cosmology, geol- 
ogy and biology. 

The book opens with two reviews of 
theoretical work. In the first, Wick 
discusses the present status of sym- 
metry laws in nuclear physics, of which 
some are adoptions from classical phys- 
ics and some are of more recent inven- 
tion. Parity, time reversal and charge 
conjugation are considered in detail. 
The optical model of the nucleus is de- 
scribed by Feshbach in the second. 
Theoretical justification for the model 
is given, and the nuclear parameters, 
such as the radius of the nuclear poten- 
tial, that are obtained from its applica- 
tion to nucleon scattering are covered. 

In the relatively new field of anti- 
nucleons, Segré describes some of the 
fundamental experiments that have 
indicated the antiproton to be the anti- 
particle of the proton just as the posi- 
tron is that of the electron in confirma- 
tion of Dirac’s theory. Production, 
annihilation and scattering of anti- 
nucleons is also discussed. Fry simi- 
larly summarizes the present knowledge 
of hyperfragments (short-lived parti- 
cles consisting of a hyperon bound to a 
light nucleus). 

In Conceptual Advances in Acceler- 
ators, Judd poses the basic physical 
problems of particle accelerators and 
indicates how these have been solved in 
ingenious fashion by the various design 
study groups. Bent- and flat-crystal 
spectrometers for gamma-ray spectros- 
copy are described by DuMond. 

When one notes that the energy 
reaching the earth in the form of 
cosmic-ray particles is as much as the 
radiant energy from the stars, one 
realizes the importance of cosmic rays 


in understanding cosmological proc. 
esses. In the first of two articles on 
this subject, Neher discusses the nature 
of the primary cosmic radiation, in- 
cluding the energy distribution, inten- 
sity fluctuation and the abundance of 
various elements. Cameron, in Ny 
clear Astrophysics, reviews the various 
nuclear reactions that can take place in 
stellar interiors to produce these 
elements. 

Suess describes the radioactivity of 
the atmosphere and hydrosphere pro- 
duced by cosmic rays, man made or 
produced at the time elements were 
initially created. The application of a 
number of parent-daughter relation- 
ships in radioactive decay to geological 
dating is covered by Aldrich and 
Wetherill. 

The volume concludes with three 
articles of biological interest. Practical 
Control of Radiation Hazards in Physics 
Research by Moyer should be of concern 
to anyone wishing to anticipate and 
measure the varied and irregular types 
of radiation dangers inherent in basic 
nuclear research. Wood’s review of 
Cellular Radiobiology treats the trans- 
fer of radiant energy to the cell, the 
resultant local and extended damage, 
and the biological repair or amplifica- 
tion of the damage. The last article 
by Quastler on Information Theory in 
Radiobiology deals with the relation- 
ships between the breakdown of a bio- 
logical system and the perturbations of 
the system’s components that cause it. 
This article, in particular, should be of 
interest to those concerned with the 
dangers of radioactive fallout. 

The articles, in general, are self-con- 
tained, and, except for the theoretical 
papers where it is unavoidable, mathe- 
matical sophistication on the part of 
the reader isnotassumed. Particularly 
noteworthy are the extensive bibliogra- 
phies at the end of each review making 
this volume a handy “guide to the 
literature.” 


Heat and Mass Transfer 


By E. R. G. ECKERT and R. M. DRAKE, Jr. 
(McGraw-Hill Book Co., New York, ‘1959, 530 
pages, $12.50). 


Reviewed by Leonarp Topper, U. §. 
Atomic Energy Commission, New York 
Operations Office, New York, N. Y. 

Nine years have elapsed since the 
appearance of Professor Eckert’s im- 
portant book, “Introduction to the 
Transfer of Heat and Mass.” Those 
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Crystal detectors designed for 


Me A ee Ss oll AW the most sophisticated counting 


problems. 


o o - 
punted Nat(t) Scintillation (2 vrs, sown 
in your special detector design 


Cc RYSTA LS problems. 


INTEGRAL 
LINE 


Crystal! photo multiplier 
tube combination assembly 





@ Improved resolution 

@ Ready to use plug-in unit 

e Permanently light sealed 

e Capsule design facilitates decon- 
tamination 

@ Close dimensional tolerances 


e Harshaw guaranteed 


Maqvenc 
Swiero 
(Removasis) 


3" Puoro 
MouctrPusR 
Tvuse 
(Removas Le) 


3” Wiwoow 


MuntiPce TUse AsscemBiy 








STANDARD 
LINE 


@ The accepted standard of the 
industry 





@ Proven through years of service 
in research, medical and industrial 
applications 








® unparalleled performance 
@ dependability 
® consistent good quality 





May we send you a copy of a 20 page 
brochure describing our services? 


aaah HOLLOW BORING CO. 


You can depend on American as a reliable 
source for precision bored and honed parts 
for your most exacting applications. 










1069 West 20th Street @ ERIE, PENNA. 
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am 
,; OE 
biti chesmicet 
service... 


Radiochemistry, Inc., offers a complete 
radiochemical service to industry from 
centrally-located laboratories. 

Radiochemistry features low-level count- 
ing, and a variety of applications of radio- 
isotopes with no hazards to health. Scientists 
at Raychem are equipped with the most ad- 
vanced instruments in the field, including 
internal gas counters, crystal scintillators and 
liquid scintillation counters. In the construc- 
tion of these instruments, our engineers and 
scientists have made a number of improve- 
ments in design and performance. These have 
been brought about through our own research 
and our association with major universities 
and AEC laboratories throughout the world. 


e@ WRITE FOR COMPLETE INFORMATION, WITHOUT 
OBLIGATION, OR CALL COLLECT: WEbster 9-6626 


‘MANUFACTURING 


SUPERVISION 





RADIOCHEMISTRY, INC. 





1111 W. ST. CATHERINE e LOUISVILLE 10, KY. 
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Department starts on page 18 


years were crowded with exciting ney 
applications of fluid mechanics and 
transport processes to such fields ag 
propulsion and nuclear energy. The 
applications required a re-evaluation 
and synthesis of current knowledge ag 
well as new investigations, to back up 
complex engineering calculations. 

Professor Eckert is among the most 
active scientists in this field, and this 
book, like his 1950 book, will be very 
useful in training engineers to do re 
search, development and design in all 
of the technical fields where heat trans- 
port is important. This book is prob- 
ably the most comprehensive single 
volume dealing with the various aspects 
of heat transfer and should be very 
widely used as a university text. 

Naturally, it fails to be equally 
strong in every part of the field. Seri- 
ous workers may find a good deal of 
introductory material to be present 
that is either too elementary or else 
rather advanced but not sufficiently 
developed in this book to be at all use- 
ful. Some of the important recent 
work on such matters as two-phase flow 
and heat transfer is handled rather un- 
critically, and Eckert overlooked the 
opportunity to do his readers a service 
by including a practical and systematic 
discussion of boundary conditions for 
heat convection. 

Other specific matters could be criti- 
cized, but this reviewer would still con- 
clude that the authors had done a good 
job with a difficult and changing 
subject. 


BOOKS RECEIVED 


Radiations and Matter, by Andre 
Berthelot (Leonard Hill [Books] Ltd., 
London, 1958, vii + 180 pages, 25s.). 
This is a translation by F. R. Paulsen 
of Berthelot’s “‘Rayonnements de Par- 
ticules Atomiques, Electrons et Pho- 
tons,’ published in 1956. It treats 
light atomic particles, fission fragments, 
electrons and photons and their inter- 
actions with matter. 


Modern Materials: Advances in De- 
velopment and Applications, Vol. 1, 
edited by Henry H. Hausner (Aca- 
demic Press, New York, 1958, xi + 402 
pages, $12.50). This series of volumes 
is intended to acquaint the applications 
engineer, among others, with advances 
in materials technology. It is written 
by specialists for nonspecialists. The 
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CURTISS-WRIGHT 


Nuclear Equipment 
and Services 


Radiation Systems 
and Sources for Industry 


Radiation Services 
for Industry 


irradiation Processes 


industrial Measurement, 
Inspection, and Control 


Power and Propulsion 
Reactor Systems 


Reactor Components 
Nuclear Equipment 
Nuclear System Controls 


Nuclear Research 
for Industry 


Nuclear Training Aids 
industrial Development 
Worldwide Service 
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Harnessing the Industrial Atom 


From radiation source to extruded seamless tubing, Curtiss-Wright 
today provides the designs, materials, and “hardware” of atomic progress. 


The Curtiss-Wright High Intensity Food Irradiator, being built for 
the U. S. Army Quartermaster Corps under contract from the AEC, 
will handle up to 3,000 lbs. per hour in a food-preservation project that 
can benefit world supplies of the future. Curtiss-Wright radiographic 
equipment sees through 20 inches of steel to assure flawless finished 
products. Curtiss-Wright nuclear controls are used in the U. S. Navy’s 
latest atomic submarines. Curtiss-Wright operates its own three- 
thousand kilowatt reactor, and is building research reactors for uni- 
versities and Government agencies here and abroad. 

If you are considering use of the industrial atom, Curtiss-Wright’s 
facilities and well-rounded staff of scientists, engineers, and technicians 
can solve your requirements whatever they may be. This one-organiza- 
tion service means prompt action, controlled costs, on-time completion, 
and single responsibility. 


CURTISS-WRIGHTS 


CORPORATION + WOOD-RIDGE,N. J. 


For information on Curtiss-Wright nuclear products and services, write: 
Director of Nuclear Sales, Curtiss-Wright Corporation, Quehanna, Pennsylvania. 
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| Department starts on page 180 


first volume includes Special Glasses 
for Nuclear Engineering Applications 
(Kreidl and Hensler), Characteristic 
Properties of Modern Ceramics (Koenig 
and Smoke) and Zirconium (G. L, 
Miller). 





| Radioisotopes: A New Tool for In- 
| dustry, by Sidney Jefferson (Philosoph- 
| ical Library, New York, 1958, ix + 110 
| pages, $4.75). This book is written in 
a simple fashion to indicate the broad 
industrial application of radioisotopes. 


A Simplified Technique of Control 
| System Engineering, by G. K. Tucker 
|and D. M. Wills (Minneapolis-Honey- 
| well Regulator Co., Brown Instruments 





ON CONTROLLED FUSION 





|Div., Philadelphia, 1958, xii + 303 
| pages). Process-control systems are 





PROJECT SHERWOOD—THE U.S. PROGRAM IN CONTROLLED FUSION 215 pp., 


illus., 1958—$5.75 
By Amasa §. BisHop, U.S. Atomic Energy Commission 





| discussed ; the reader needs some 
50 knowledge of instrumentation and con- 

trol of quantities (e.g., temperature) 
| but no mathematical control theory. 


Aviation Medicine—Selected Re- 





ON REACTORS 


SOLID FUEL REACTORS 844 pp., 377 illus., 1958—$10.75 

By J. R. DietricH AND W. H. ZINN, General Nuclear Engineering Corporation 
BOILING WATER REACTORS 563 pp., 302 illus., 1958—$8.50 

By ANDREW W. KRAMER, Editor, Atomics 


FLUID FUEL REACTORS 979 pp., 338 illus., 1958—$11.50 


| views, edited by C. White, W. Love- 
| lace II and F. Hirsch (Pergamon Press, 
New York, 1958, vii + 305 pages, 
| $12.00). Twelve authors cover twelve 
aspects of the field. One section dis- 
|cusses the ionizing-radiation problem 
and dosimetry. 


Edited by J. A. LANE AND H. G. MACPHERSON, Oak Ridge National Laboratory, AND 


FRANK MASLAN, Brookhaven National Laboratory 


SODIUM GRAPHITE REACTORS 288 pp., 99 illus., 1958—$6.50 
By CHAUNCEY STARR AND R. W. DICKINSON, Atomics International 


|The Metallurgy of Vanadium, by 
William Rostocker (John Wiley & 
| Sons, New York, 1958, ix + 185 pages, 


THE SHIPPINGPORT PRESSURIZED WATER REACTOR 588 pp., 167 illus., 1958—$9.50 | $8.50). This book constitutes a re- 


Written by personnel of U.S.A.E.C, Westinghouse, and Duquesne Light Co. 


U.S. RESEARCH REACTOR OPERATION AND USE 366 pp., 173 illus., 1958—$7.50 
Edited by J. W. CHASTAIN, JR., Battelle Memorial Institute 


| view of the literature and present status 
of vanadium technology including un- 
published data. 


lon Exchange Resins, 2nd ed., by 








ON CHEMISTRY AND METALLURGY 
THE TRANSURANIUM ELEMENTS 328 pp., 70 illus., 1958—$7.00 
By GLENN T. SEABORG, University of California 


URANIUM ORE PROCESSING 448 pp., 109 illus., 1958—$7.50 
Edited by J. W. CLEGG AND D. D. Fo ey, Battelle Memorial Institute 


THORIUM PRODUCTION TECHNOLOGY 303 pp., 76 illus., 1958—$6.50 
By F. L. CUTHBERT, National Lead Company of Ohio 


PHYSICAL METALLURGY OF URANIUM 262 pp., 155 illus., 1958—$5.75 
By A. N. HoLpEN, General Electric Co., Vallecitos Atomic Laboratory 


| Robert Kunin (John Wiley & Sons, 
New York, 1958, xvii + 466 pages, 
$11.00). The mechanisms, properties 
and applications of these resins are 
covered. The many duties performed 
by the resins in the nuclear field are 
indicated, abetted by pertinent details. 





ALSO OF NOTE 


| Prospects for Nuclear Energy in Puerto 








ON BIOLOGY AND MEDICINE 


RADIATION BIOLOGY AND MEDICINE 944 pp., 195 illus., 1958—$11.50 
Edited by W. D. Ciaus, U.S. Atomic Energy Commission 
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ADDISON-WESLEY PUBLISHING COMPANY, INC., Reading, Mass., U.S.A. 


| Rico, by A. Mayne (87 pp., $1.25); The 
| Prospect for Nuclear Power in Pakis- 
|tan, by M. Kilbridge (56 pp., $1); Nu- 
| clear Process Heat in Industry (44 pp., 
| $1.25); Nuclear Energy and World 
|Fuel Prices, by C. Dwyer (71 pp. 
| $1.25). National Planning Assoc., 1606 
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NUCLEAR SYSTEMS 


has recently entered the field of 


CONTRACT RESEARCH 


e Non-destructive Testing 


Radiation Applications 


Thickness-Density Gaging 


Radiography 


Nuclear Systems is now developing a prototype scanning system for the 
high speed non-destructive inspection of very large solid propellant rocket 
engines. This program entails the application of thickness-density gaging 
to non-destructive testing, and is being sponsored by the Air Force through 
one of the largest producers of solid propellant fuels. 


Similar systems should be applicable to less expensive inspection of 


heavy castings and weldments, and lead-filled radiation shields. 


If you have a problem in any of the above areas, Nuclear Systems’ 
engineers will be happy to discuss with you the establishment of an R & D 
program specifically designed to solve that problem in the most efficient, 


and therefore, most economical way. 


PHILADELPHIA e CHICAGO e SAN FRANCISCO 


| Se om El —- . e e e mm 44 


TOIL isis; 


A DIVISION OF THE BUDD COMPANY, Philadelphia 32, Pa 
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SPECIALISTS in 


GRAPHITE 


for 


NUCLEAR APPLICATIONS 


Te GLCa DIVISION 
® 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. + OFFICES IN PRINCIPAL CITIES 























here is the world’s smallest and simplest 
strip chart recorder! 





@ AMPLE STORAGE: Contains 63-ft. chart roll, or 31 days’ recording at one 
inch per hour, Useful chart width 2 %«”. 

@ ACCURATE: Galvanometer pointer swings free for maximum accuracy, 
being clamped briefly for marking. 

@ INKLESS: Recording process is completely dry, utilizing special pressure 
sensitive paper. Method provides remarkable definition. 

@ RECTILINEAR: Advanced design provides true rectilinear recording free 
from distortion. 

@ RELIABLE: Positive synchronous motor drive with sprocket engaging 
holes in paper for accurate time indication. 

@ VERSATILE: Portable or panel mounting models. Stocked in a variety of 
scales and chart speeds. 


WRITE TODAY FOR LITERATURE 


* iad e oy 
Subjectto, «6s ust industrial co., inc. 
iaaiaa 130 Silver Street, Manchester, N. H. 
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New Hampshire Ave., N. W., Washing. 
ton 9, D.C. 


Hot Laboratory Equipment, 2nd ed,, 
compiled by L. G. Stang, Jr., is an en- 
larged revision of the 1955 “‘ Hot Labo- 
ratory Catalog.” Included are de 
scriptions of facilities, equipment and 
accessories for handling moderate to 
large amounts of radioactive materials, 
This edition lists 229 items of equip- 
ment. 429 pp. $2.50. Superintend- 
ent of Documents, U. S. Government 
Printing Office, Washington 25, D. C. 


A Growth Survey of the Atomic Indus- 
try—1958-1968, by F. H. Warren, 


-W. W. Lowe and J. K. Pickard, is a 


revision of the 1955 survey. Non- 
reactor activities are not included, 
Projections are made of the amount 
of nuclear power and volume of busi- 
ness in the U. S. and abroad during 
the next decade. Sections cover fuel 
and processing requirements and ma- 
jor reactor components. Additional 
copies for members, $10; nonmembers, 
$25. Atomic Industrial Forum, Inc., 
3 East 54th St., New York, N.Y. 


Custom Translations Club offers trans- 
lations from Russian, Czech and Polish 
at 50% price reduction. Soviet Re- 
search in Fused Salts—1956 con- 
tains translations of 42 papers from 
Soviet journals; $40. Consultants Cus- 
tom Translations, Inc., 227 West 17th 
St., New York 11, N. Y. 


Report of the United Nations Scientific 
Committee on the Effects of Atomic 
Radiation (Supplement No. 17, Gen- 
eral Assembly Official Records). 232 
pp. $2.50. In U. S.: International 
Documents Service, Columbia University 
Press, 2960 Broadway, New York 27, 
ee 


AEC engineering materials (drawings, 
etc.), through contract with AEC, are 
available from Cooper-Trent Blueprint 
& Microfilm Corp., 2701 Wilson Blvd., 
Arlington, Va.; Rapid Blueprint Co., 
818 Santee St., Los Angeles, Calif. ; Uni- 
versity Microfilms, Inc., 313 N. 1st St., 
Ann Arbor, Mich. Public sales of 
these by Technical Information Service 
Extension, Oak Ridge, has been dis- 
continued. 


Handbook of Chemistry and Physics, 
40th ed., contains new information, in- 
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NO STRANGER 


... to the atomic field, 

A. O. Smith’s supplier-status goes 
all the way back to the Manhattan 
project. Our specialized skills 

and facilities have been called 

on consistently for fabrication of 
reactor vessels, reactor internals, 
pressure vessels, heat exchangers, 
steam generators, pressurizers, 
feed water heaters. We invite 

you to write for facts about 

A. O. Smith’s experience and 
creative productivity as they might 
be adapted to your particular 


area of nuclear development. 


Pressurized water reactor vessel 


designed by A. O. Smith. 


BOTH SOLID WALL AND EXCLUSIVE " 
MULTI-LAYER CONSTRUCTION... pn (oh) it 


available at A. O. Smith. Adaptable to many 

atom-era fabricating needs, the unique Multi- A 0 Smit! 
Layer concept features successive layers of 2 RPORAT I ON 
relatively thin steel plate wrapped and seam- ATOMIC EQUIPMENT SECTION 
welded. Vessel walls can be built to any de- MILWAUKEE 1, WISCONSIN 


sired thickness with maximum safety. A. 0. Smith INTERNATIONAL S.A., Milwaukee 1, Wis., U.S.A. 
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aoe LEVINTHAL 


scintillation transducer 


Now available in diameters ranging from 
1%:to 5 in., these transducers combine Levinthal 
Nal (T1) crystals mounted in optical contact with 
standard photomultipliers. 


shield, the device is ready to plug in and 
operate. As the response curve shows, typical 
resolution is 8 per cent, and peak-to-valley 
ratio is 75 to 1. 


Check Levinthal also for your needs in 
crystals — mounted, unmounted, or in special ar- 
rangements to meet individual requirements. 


L 


Size pictured is 1% by 1 in. thick and fea- 
tures an 8-mil aluminum gamma-ray window for 
low-energy work. Having a light-tight magnetic 


LEVINTHAL ELECTRONIC PRODUCTS, INC. 


STANFORD INDUSTRIAL PARK PALO ALTO 3, CALIFORNIA 
NUCLEAR DIVISION 

























ADVANTAGES: 

Optical grade zinc bro- 

mide solution has a density 

of 2.52 and possesses exceptional 
clarity. It complies with current Ar- 

gonne National Laboratory specifications. 
Stability is excellent at normal radiation levels, 
and the pH can be easily adjusted, if necessary. Econ- 

omy is a prime advantage: the initial cost of liquid viewing 


rok» 


’ windows is a fraction of that for solid windows, Fabricated liquid 

windows are readily available. Write, wire or call Saint Louis, Mich. 
4511 for further information. Your inquiry will receive prompt attention. 
C-58-10 


For complete listing of Michigan Chemical products, see your copy of 
Chemical Materials Catalog or Chemical Week Buyers Guide. 
MICHIGAN CHEMICAL CORPORATION 
629 North Bankson St., Saint Louis, Michigan 
EASTERN SALES OFFICE: 230 Park Avenue, New York 17, N.Y. 
Copyright 1959 Michigan Chemical Corporation Reg. U.S. Pat. Off. 
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cluding electron-physics table, rare. 
earth-compound data, thermodynamig 
properties of materials and ion-ex- 
change resins. Book Dept., The Chem- 
tical Rubber Co., 2310 Superior Ave., 
Cleveland 14, Ohio. 











Analytical Abstracts contains about 
4,000 abstracts per annum covering 
analytical literature of the world. 
$14/yr. The Secretary, The Society 
for Analytical Chemistry, 14 Belgrave 
Square, London, S.W.1, England. 














Bibliography on Solid Fuel Elements 
gives 306 references with short ab- 
stracts on fabrication and properties. 
64 pp. Single copy free within indus- 
try;additional copies, $1. S.B. Roboff, 
Sylvania-Corning Nuclear Corp., Bay- 
side, N. Y. 









Neutron Cross Sections (BNL-325, 2nd 
ed.), by Donald J. Hughes and Robert 
B. Schwartz, contains carefully evalu- 
| ated data on thermal cross sections and 
| resonance parameters, as well as curves 
|of partial and total cross sections as 
|functions of energy. 373 pp. $4.50. 
| Superintendent of Documents, U. 8. 
| Government Printing Office, Washington 
| 25, D. C. 

















Selling to AEC, replacing Jan. ’56 edi- 
tion, describes AEC procurement, prod- 
ucts purchased and purchasing agents. 
34 pp. 25¢. Superintendent of Docu- 
ments, U. S. Government Printing Office, 
Washington 25, D. C. 


Industrial Nuclear Development—a 
Challenge to the States is the proceed- 
ings of a conference sponsored by NAM 
to discuss problems facing government 
and industry. 64 pp. $2. National 
Assoc. of Manufacturers, 2 East 48th 
St., New York 17, N. Y. 


Technical Translations, published semi- 
monthly, abstracts translated material 
available from domestic and foreign 
|sources. $12/yr. Office of Technical 
Services, U. S. Department of Commerce, 
| Washington 25, D.C. 

| 

|The Shorter-Term Biological Hazards 
| of a Fallout Field is the proceedings of 
|a symposium held in Washington, 
| D. C., Dec. ’56 sponsored by AEC and q 
| Dept. of Defense. Papers are grouped 
|under the topics Decay Constants, 
| Weathering and Shieldings; Gamma 
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systems offer you 
the widest recording ranges available 


Versatile “recti/riter” recorders, both Single and Dual 
channel, have established new standards for reading 
ease, full-scale accuracy, and up-front operator conven- 
iences. Now, the applicability of the “recti/riter,” or other 
graphic recorders of one-milliampere sensitivity, is ex- 
tended to the widest practical limits by the use of Series 
300 accessories, which presently include models: 
301 DC AMPLIFIER 353 LINE VOLTAGE MONITOR 
350 MULTI-VOLTAGE MONITOR 354 LINE CURRENT MONITOR 
351 AC MULTI-CURRENT MONITOR 333 LINE SERVICE MONITOR 
352 LINE FREQUENCY MONITOR (a single-package combination 
of 352, 353, and 354) 
Only the “recti/riter” systems, recorders and match- 
ing accessories, offer these wide ranges for recording 
electrical parameters: 
10 millivolts to 1000 volts... 
500 microamperes to 1000 amperes... 
Monitor standard frequencies—40, 60, 400 cps. 








TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY * HOUSTON, TEXAS * CABLE: TEXINS 


FULL SCALE RANGES—Accessory scales give quantities 
per division equal to decimal multiples or sub-multiples of 
1, 2, and 5 in keeping with standard 50-division chart 
of recorders. 

ACCURACY—Combined recorder-accessory response departs 
from true value at any point not more than 2 per cent of 
the full scale value. 

POWER REQUIREMENTS—No auxiliary power required 
for transducer accessories . . . a 45-volt battery or optional 
AC supply is used with the DC Amplifier. 
SIZE—Aluminum cases 214” H., 7%” W., 10” D. (Monitors 
may be mounted inside as integral part of recorders.) Mount- 
ings are available for relay racks, flush mounting, portable, 
or desk use. 


To select the “recti/riter” recorder-accessory system that 
meets your exact measurement requirements, let TI give 
you complete technical assistance . . . write or call today! 


OTHER TI/IID PRODUCTS 
* Complete Geophysical Instrumentation 


® DATA-MAC Measurement and 
Control Systems 


© Automatic Test Equipment 











Pulse height spectra 
automatically plotted by 


SCANNING | 
UNIT 





BEENHAM GRANGE, ALDERMASTON WHARF, NR. READING, BERKS. Tel. Woolhampton 451 










This unit is used in conjunction with a rate- 
meter and single channel pulse analyser. 
The Chart recorder drum is direct coupled 
to a potentiometer which varies the bias 
voltage of the pulse analyser. The pen 
movement follows the corresponding pulse 
rate. Scanning time can be switched to 10 
minutes or 1 hour. Chart length per scan 
is 6 inches. 


ISOTOPE DEVELOPMENTS LIMITED 


For Quality Nucleonic Equipment Including: 
E. H. T. Units, Scalers, Ratemeters, Pulse Analysers, Scintillation 
Counters, Radio-activity Meters, Scanning Units, Timers, Ampli- 


fiers, Dosimeters, Level Indicators, Thickness Gauges, Density 


Gauges, Static Eliminator, etc. 


London Office: 120 Moorgate, London, E.C.2. Tel. Met. 9641. 











PROPIPETTE 


Safety Pipette Fill 





a 


b 





Here’s how you can 


YOUR 


MERCHANDISE 


ADVERTISING 
with these handy 9” by 12” folders 





© Time Tested ® No moving parts 
® Simple to operate 
The new PROPIPETTE eliminates the dan- 
gerous practice of using the mouth to draw 
liquids into pipettes. It is simple to use 
and the operator soon becomes proficient 
so that liquids can be delivered quickly, 
precisely and safely. Measurement pre- 
cision is extremely high (0.0lec). The in- 
strument has three agate-ball valves which 
operate independently and the entire pro- 
cedure can be done with only one hand. 


PRICE $6.90 each . . . comes in black, 
red, green and blue, sent on approval. 


all laboratory pipettes can be used with 
the PROPIPETTE—Safety Pipette Filler. 


Write for additional information 


INSTRUMENTATION. ASSOCIATES 
Distributors of Laboratory 


17 West 60th Street New York 23, N.Y. 
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Keep your sales, management 
and distribution people informed 
on your advertising. Circulate pre- 
prints, reprints, schedules and 
other material in these folders, 
and make your advertising dollars 
work over and over for you. 


Write for illustrated folder 
and price list 
Company Promotion Dept. . . . Room 2710 
McGraw-Hill Publishing Co., Inc. 
330 West 42nd Street, New York 36, N. Y. 
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Energy Spectra and Geometry Factor; 
Biological Repair Factor; External 
Beta Radiation; and Internal Emit- 
ters. 236 pp. $1.75. Superintendent 
of Documents, U. S. Government Print- 
ing Office, Washington 25, D. C. 


Bibliographies of Interest to the 
Atomic Energy Program [TID-3043 
(Rev. 1)] contains 1,556 references to 
bibliographies and literature surveys 
listed by subject, author and report 
number. 149 pp. $3.00. Office of 
Technical Services, U. S. Dept. of Com- 
merce, Washington 25, D. C. 


Zirkonium (448 pp.; clothbound, $63.84) 
and Hafnium, Supplement (23 pp.; 
clothbound, $5.28) are Nos. 42 and 43 
of ‘‘Gmelins Handbuch der Anorgan- 
ischen Chemie,” 8th ed. Properties, 
compounds and applications of Zr are 
covered; No. 43 treats latest Zr-Hf 
separation studies. Verlag Chemie, 
GmbH., Weinheim/Bergstrasse, West 
Germany. 


Nuclear Process Heat in Industry re- 
views types, quantities and costs of 
heat energy used and potential for nu- 
clear heat. 44 pp. $1.25. National 
Planning Assoc., 1606 New Hampshire 
Ave., N. W., Washington 9, D. C. 


Laboratory procedures of AEC facili- 
ties. Collected Radiochemical Proce- 
dures (Radiochemistry Group J-11, 
Los Alamos) (LA-1721, 2nd ed.; $5). 
Master Analytical Manual—Section 1, 
Ionic Methods; Section 2, Radiochemi- 
cal Methods (ORNL Analytical Chem- 
istry Div.) [TID-7015 (Section 1), $9; 
TID-7015 (Section 2), $6.50]. Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. 


Trilinear Chart of Nuclides revision- 
sheet service is available on subscrip- 
tion basis for $1.00; first sheet was 
issued July ’58. Superintendent of 
Documents, U. S. Government Printing 
Office, Washington 25, D. C. 


Nucleonica Kerntechnik und Grenz- 
gebiete lists 1,700 German and other 
references on nuclear subjects. 94 pp. 
$1. W. E. Saarbach Gmbh., Cologne, 
West Germany. 


Preparation, Maintenance, and Ap- 
plication of Standards of Radioac- 
tivity (NBS Circular 594) reviews 
methods and applications of primary 
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andsecondary standards. 47 pp. 35¢. 
Superintendent of Documents, U. S. 
Government Printing Office, Washington 
95, D.C. 


Nuclear Metallurgy, Vol. 5, contains 
papers presented at AIME Cleveland 
meeting, Oct. ’58, on fabrication of 
eceramic-base and metal-base fuels, in- 
cluding APPR, TRIGA and EBR-1, 
Mark 3 fuels; alloys; and UOz. Mem- 
bers, $4; nonmembers, $6. 84 pp. 
American Institute of Mining, Metal- 
lurgical and Petroleum Engineers, 29 
West 39th St., New York 18, N.Y. 


Particle Accelerators. Bibliogra- 
phy; Il. List of Accelerator Installa- 
tions (UCRL-8050) lists references of 
July ’54-June ’57; section IT lists char- 
acteristics of machines throughout 
world. 153pp. $3. Office of Techni- 
cal Services, U. S. Dept. of Commerce, 
Washington 25, D. C. 


Scintillation Spectrometry Gamma- 
Ray Spectrum Catalogue (IDO-16408), 
by R. L. Heath, contains 173 “stand- 
ard’’ response curves for the more com- 
mon nuclides. Data were obtained 
under carefully controlled experimental 
conditions to permit reproduction. 
They can be used for quantitative 
and qualitative analysis of unknowns. 
$4.75. Office of Technical Services, 
U. S. Dept. of Commerce, Washington 
25, D.C. 


Basic Statistics of Energy for O.E.E.C. 
Countries—1950-1957 tabulates en- 
ergy production and consumption data. 
55 pp. $1.25. Organization for Euro- 
pean Economic Co-operation, 1846 Con- 
necticut Ave., N. W., Washington 6, 
DC. 


Uses of Radioactive Isotopes in 
Metallurgy [AEC-tr-3000 (Pt. I], a 
translation of a 1955 symposium of the 
Moscow I. V. Stalin Steel Institute, 
includes investigations of diffusion, 
oxidation, distribution and thermody- 
namics and applications to fabrication 
problems. 270 pp. $4. Office of Tech- 
nical Services, U. S. Dept. of Commerce, 
Washington 25, D. C. 


liquid Thermal Diffusion (TID 5229) 
describes history and experimental and 
theoretical aspects of process developed 
by NRL as early alternative to electro- 
magnetic and gaseous-diffusion separa- 
tion of uranium isotopes. 251 pp. $4. 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 
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internuclear = a 


BOS 
company 7 


offers nuclear consultant assistance to par- 
ticipants in the EURATOM power program. 


' 
' 

. : . : i 
nical competence and its freedom from bias. Internuclear is 
! 

1 


r 
:  Internuclear is uniquely well qualified because of its tech- 
1 
! 
| staff-owned and has no manufacturing affiliations. 

' 

L. 


offers nuclear engineering and. design 
services to EURATOM and to organizations 
and companies in the EURATOM countries. 


Internuclear has wide experience with all aspects of the 
design of different kinds of reactors including electric power; 
propulsion of ships, aircraft, rockets, and missiles; high flux | 
research and test; process heat; radioisotope production; and 
training. 


Projects of Special Interest: 


® Nuclear Power Projects 


In Italy: 
Consulting services for SENN. 


In Spain: 
Site studies for NUCLENOR. 


In Japan: 
Engineering services for JAERI. 


In United States: 
Design studies for the Hallam, Nebraska, Project. 


® Ship Propulsion 


Preliminary design of gas-cooled nuclear reactor for General 
Motors Corporation. 


© An Advanced Engineering Testing Reactor 


Selection of pt, preliminary design, and development to 
achieve thermal neutron fluxes of 1.5 X 10" in large loop 
facilities for the United States Atomic Energy Commission. 





® A high flux University Research Reactor 


Services Selection of concept and preliminary design to give thermal 
neutron flux of —3 X 10" in a 5 MW reactor. 
available 


throughout ® Food irradiation reactors and facilities 


Selection of concept and preliminary design for U. $. Atomic 
the free world. Energy Commission. 


internuclear 


Clayton 5, Missouri 


ccnnc COMpany 
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ESCO Produces Castings for Nuclear Service 


Since 1954 ESCO has been meeting the 
rigid specifications required of high- 
alloy-steel castings used in the nuclear 
industry. A recent example is the top 
ring cast for the pressure vessel of the 
Westinghouse Test Reactor. For this 
stainless-Steel (18-8) casting, 34,000 Ib 
of metal were melted ; the poured weight 
of the casting was 30,000 lb, and the 
clean weight was 15,000 Ib. The ring 
had to pass 100% dye-penetrant tests 
and was X-rayed (above) by ESCO’s 


24 million-volt betatron. Sections of 
the casting up to 14 in. thick were 
X-rayed in <6 min exposure time. 
Other examples of ESCO castings in- 
clude a 15,400-lb pump volute (above) 
for the Yankee reactor, pump cases and 
other pump components for the Dres- 
den reactor, castings for refueling ma- 
chines and pumps of naval reactors and 
terminal boxes for primary-coolant 
canned-pump motors.—Electric Steel 
Foundry Co., Portland, Oregon. 





Area-Monitoring System 


Model AMS-II remote gamma-radia- 
tion area-monitoring system consists 
of 10 individual monitoring stations, 
alarm system and centralized power 
supply. Each station unit is complete 
with meter relay with high-level alarm, 
control switch, alarm light, calibration 
and electronic calibration controls, 
voltage test controls. Alarm output 
relay (DPDT) is rated at 115 v a-e, 5 
amps.—Riggs Nucleonics Corp., 717 N. 
Victory Blvd., Burbank, Calif. 


Cermet Foils 


Available are special composite mate- 
rials produced by powder-metallurgy 
techniques. Typical composite mate- 
rial is comprised of type-304 stainless- 
steel matrix with uniform dispersion of 
0.52% samarium oxide held to 5.3 
mg/in.?, +0.2 mg. Composite was 
supplied as foil 4 X 12 X 0.008 in. 
+ 0.0005 in. Other custom materials 
have matrices of aluminum, nickel or 
tin and dispersions of boron carbide, 
dysprosium oxide, zirconium boride or 
gadolinium oxide.—Sintercast Corp. 
of America, 134 Woodworth Ave., 
Yonkers, N. Y. 


Scaler 


Model 49-21 scaler has completely 
transistorized digital readout system 
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and nonoverloading amplifier. Re- 
solving time is 0.5 usec with maximum 
count capacity of 10%. Decades and 
register are electrically reset with pro- 
vision for local or remote operation. 
Amplifier sensitivity is 1 mv with 
gain of 1,000. Printed circuitry is 
used throughout.—Radiation Instru- 
ment Development Laboratory, Inc., 
5737 S. Halsted St., Chicago 21, Ill. 


Precision-Rolled Foil 


Foils range in thickness from 0.00005 
to 0.010 in. Copper, beryllium-cop- 
per, gold, lead, nickel, palladium, plati- 
num, tantalum, titanium, zinc and 
stainless-steel foils are available.— 
American Silver Co., 36-07 Prince St., 
Flushing 54, N. Y. 


“Universal” Scalers 


Interchangeability permits use of any 
of 3 amplifiers, 4 binary scalers, 6 dec- 
ade scalers (either strip or glow tube), 
5 registers, 6 timers, 2 high-voltage 
supplies and 1 analytical ratemeter in 
the ‘‘ Universal” scaler. Also included 
are outlets for automatic sample 
changer, and digital or timer print- 
out equipment. Plug-in amplifier in- 
put sensitivities range from fraction of 
millivolt to 9 v for binary and/or dec- 
ade scaling units, allowing any scaler 
function to be performed within limits 
of binary (64~-4,096) and decade (100- 


1,000,000) by adding units desired — 
Nucleonic Corp. of America, 196 De. 
Graw St., Brooklyn 31, N. Y. 


Thermocouples 


Con-P-Pak thermocouples are designed 
to meet severe demands required jp 
nuclear reactors. Copper-constantan 
and rhodium-platinum combinations 
are available. Conductors are encased 
in specially processed ceramics and 
surrounded by chemically clean metal 
sheaths. Insulation resistance be- 
tween wires and sheath range up to 
100 megohms at 500 v d-c, and dielee. 
tric strengths are to 2,000 v a-c.—Con- 
tinental Sensing, Inc., 1950 N. Ruby 
St., Melrose Park, IIl. 


Tritium Air Monitor 


Model 1 tritium air monitor consists 
essentially of two basic instruments: 
filter and collection unit and matched 
electrometer. Filter and _ collection 
unit consists of mechanical and electro- 
static filter, intake blower and ion 
chamber. Electrometer is Ekco N572 
vibrating reed electrometer. Specifi- 
cations include: collection volume, 1 
liter; ion collection voltage, ~90 v; 
electrostatic filter voltage, ~1,000 v.— 
American Tradair Corp., 34-01 30th 
St., Long Island City 6, N. Y. 





X-Ray Units 


Industriai X-ray equipment manufac- 
tured by Rich. Seifert & Company, 
Hamburg, Germany, includes mobile, 
oil-and-water-cooled Isovolt units 
(above, top) for radiographic examina- 
tion of steel of 2, 3, 444 and 5!4 in. 
thick or equivalent. It also includes 
portable Eresco, MS or X-Tron series 
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And the RARER METALS 


...can be put effectively and precisely to work 
for you by Nooter. 


Such metals as... zirconium, tantalum, 
titanium. Metals with the capacity to with- 
stand high temperatures and to resist corro- 
sion. Metals with these and other special 
capabilities to meet the ever-increasing special 
demands of our very special age. And now at 
your disposal... 


Nooter can and is now welding any type 
of zirconium, tantalum, or titanium plate fab- 
rication . . . with single or multiple pass weld- 
ing, fully X-rayed. In titanium work, the 
metal can be either commercially pure, or in 
some alloyed forms. 


The welding and fabrication of these new 
metals is a pioneering task, exacting the high- 
est skill and ingenuity from those who would 
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unlock and put to use their special capabilities. 
It is not a new role for Nooter, with more than 
a half-century of experience as a custom fabri- 
cator. Through continuous, painstaking and 
imaginative metallurgical, fabricating, and 
welding research, Nooter over the years has 
led the way in developing techniques for work- 
ing and welding many new metals and alloys. 


And now...the RARER METALS! When 
they fit your needs, let Nooter put them to 
work for you. 


Write for Catalog 559 


NOOTER 
CORPORATION 


“Since 1896” YES 


Steel and Alloy Plate Fabricators and Erectors . . .“‘Boilermakers’” 
1424 SO. SECOND ST. e ST. LOUIS 4, MO. 
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for work ina 
controlled 
atmosphere 





BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 





euickman FUME HOOD 


Originally designed and developed 
for the AEC, this Fume Hood as- 
sures maximum safety in the han- 
dling of radioactive materials and 
radioactive isotopes. Sturdy 14- 
gauge stainless steel, round corner 
construction provides long life 

. easy cleaning and decontam- 
ination. Send for Technical Bul- 
letin E-3. S. Blickman, Inc., 7905 
Gregory Avenue, Weehawken, N.J. 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbo! of quality Pauuiml 
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LITERATURE AVAILABLE 


Subject 


Length Ask for 


From 





Yield determination 
with radioisotopes 


Continuous stream 
analyzers 


Silicone-insulated 


cables 
Vanadium 


Engineering, R&D 
facilities 
Fission-product 
monitoring 
Facilities 


Cross-connection 
control 


Audio rate meter 


Fuel elements 


Centrifugal pumps 


Facilities 


Stainless steel 


Chemicals 


Shielding doors, 
airlock doors 

Small valves 

Achievements and 


capabilities 


Nickel-alloy 
coating 


Pressure 
transducers 


Organization, facili- 
ties and products 


Castings 
Radioisotopes, 
labeled compounds 


NMR field control 
unit 


4pp. Technical Bulletin 
No. 1 


8 pp. Bulletin Cl-4000 
12 pp. “Simconex” 
— “High Purity” 
16 pp. brochure 
4pp. Bulletin RMI-104 
4pp. Bulletin PR-2 
4pp. “Backflow 
Preventers”’ 
lp. Model AR-2 
24 pp. ‘Nuclear Fuels” 
4pp. “Nuclear Pumps” 
24 pp. “Mechanical 
Division” 
386 pp. “Stainless Steel 
Fabrication” 
336 pp. ‘Laboratory Chemi- 
cals Catalog” 
4pp. Bulletin 13c/Pe 
4pp. “Flow Sheet” 
16 pp. AGN-1021 
12 pp. Bulletin 258 
10 pp. Catalog 115811 
20 pp. ‘Nuclear Equipment 
Department”’ 
lp. ‘Stainless-Steel 
Castings”’ 
4pp. Price schedule 
4pp. Model FC-501 


Nuclear-Chicago Corp., 
223 W. Erie St., 
Chicago 10, Ill. 

Beckman Instruments, Inc., 
2500 Fullerton Rd., 
Fullerton, Calif. 

Simplex Wire & Cable Co., 
Cambridge, Mass. 

Vanadium Corp. of America, 
420 Lexington Ave., 
New York 17, N. Y. 

Alco Products, Inc., 
Schenectady 5, N. Y. 


Tracerlab, Inc., 

2030 Wright Ave., 
Richmond, Calif. 

Peerless Pump Div., 
230 N. Ave. 25, 

Los Angeles 31, Calif. 

Backflow Engineering & 
Equipment Co., 

P. O. Box 22096, 
Los Angeles 22, Calif. 

Nucleonic Labs, Inc., 

5218 Park Hts., 
Baltimore 15, Md. 

Sylvania-Corning Nuclear 
Corp., 

Bayside, N. Y. 

Byron Jackson Pumps, Inc. 
Box 2017, Terminal Annex, 
Los Angeles 54, Calif. 

General Mills, Inc., 

1620 Central Ave. N. E., 
Minneapolis 13, Minn. 

Allegheny Ludlum Steel Corp., 
Oliver Building, 
Pittsburgh 22, Pa. 

The Ealing Corp., 

P. O. Box 90, 
Natick, Mass. 

The Peelle Co., 

47 Stewart Ave., 
Brooklyn 37, N. Y. 

Hoke, Inc., 

35 Piermont Rd., 
Cresskill, N. J. 

Aerojet-General Nucleonics 
P. O. Box 77, 

San Ramon, Calif. 

Kanigen Div.," 

135 S. La Salle St., 
Chicago 90, Ill. 

Rosemont Engineering Co., 
4900 W. 78th St., 
Minneapolis 24, Minn. 

General Mills, Inc., 

1620 Central Ave., N. E., 

Minneapolis 13, Minn. 
Midwest Alloys, Inc., 

45 Hunter St., 

St. Louis 24, Mo. 
Nuclear Consultants Corp., 
9842 Manchester Rd., 

St. Louis 19, Mo. 

Harvey-Wells Electronics, Inc., 
North St., 

Southbridge, Mass. 
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Subject 





Length 


Ask for 


From 





—_ 


Demineralizing 


X-ray instrumenta- 
tion 


Leak detection 


Tracers 
Liquid-level and 
flow control 

Deionization 
equipment and 
services 

Vibrating 
capacitor 


Film badges 


Lab furniture 


Ultrasonic cleaners 


Nuclear 
instrumentation 
Radiation 
services 
Nuclear-engineer- 
ing course 


Personnel monitors 


Survey meters 


Graphite properties 


Hypervelocity 
cameras 


Silicone carbide 


Products 
Instrumentation 
Medical isotope 
laboratory 
Magnetic recording 


Facilities 


Zirconium fabri- 
cation 





40 pp. 


12 pp. 


28 pp. 


10 pp. 


4 pp. 


4 pp. 


2 pp. 


4 pp. 


4 pp. 


36 pp. 


4 pp. 


8 pp. 


8 pp. 


107 pp. 


16 pp. 


2 pp. 


24 pp. 


7 pp. 


Publication 5800 


Booklet RC 212A 


Bulletin 4-62 


“Industrial Tracers”’ 


Form EBWR-1 


Bulletin B-258 


Catalog 523-A 


“Film Badge 
Service”’ 
Catalog D-2 


Data Sheet on Series 


5000 


‘“‘News”’ 


** Available to All 
Industry ”’ 
“Your Future” 


‘Radiation Moni- 


toring Instruments 


Form 3044B 


Catalog Section 
8-4905 


Bulletins on drum 


and mirror cameras 


Bibliography 


1959 listing of 
products 


“Reporter” 


Bulletin IL-2000 


**Readout”’ 


“A Presentation of 


Facilities”’ 


“Metal Progress”’ 
reprint 


Cochrane Corp., 
Philadelphia, Pa. 
Philips Electronics, Inc., 
750 S. Fulton Ave., 
Mount Vernon, N. Y. 
Consolidated Electrodynamics 
Corp., 
1775 Mount Read Blvd., 
Rochester 3, N. Y. 
Tracerlab, Inc., 
2419 South Blvd., 
Houston, Tex. 
Magnetrol, Inc., 
2110 S. Marshall Blvd., 
Chicago 23, Ill. 
Illinois Water Treatment Co., 
840 Cedar St., 
Rockford, Ill. 


Stevens-Arnold, Inc., 
7 Elkins St., 
South Boston 2 27, Mass. 

St. John X-Ray Laboratory, 
Califon, N. J. 

Duralab Equipment Corp., 
989 Linwood St., 
Brooklyn 8, N. Y. 

The Narda Ultrasonics Corp., 
625 Main St., 

Westbury, N. Y. 

Nucleonic Corp. of America, 
196 Degraw St., 

Brooklyn 31, N. Y. 

Curtiss-Wright Corp., 
Quehanna, Pa. 

CREI Atomics Div., 
Capitol Radio Engineering 
Institute, 

3224 Sixteenth St., 
Washington 10, D. C. 
Universal Atomics Div., 
17 Brooklyn Ave., 
Westbury, N. Y. 

The Victoreen Instrument Co., 
5806 Hough Ave., 
Cleveland 3, Ohio 

National Carbon Co. Div., 
Union Carbide Corp., 

535 Fifth Ave., 
New York 17, N. Y. 

Avco Manufacturing Corp., 
201 Lowell St., 
Wilmington, Mass. 

The Carborundum Co., 
Niagara Falls, N. Y. 

Union Carbide Corp., 

30 E. 42nd St., 
New York 17, N. Y. 

Philips Electronics, Inc., 
750 8S. Fulton Ave., 
Mount Vernon, N. Y. 

Nuclear Measurements Corp., 
2460 N. Arlington Ave., 
Indianapolis 18, Ind. 

Ampex Corp., 

934 Charter St., 
Redwood City, Calif. 

The Pfaudler Co., 

1080 West Ave., 
Rochester, N. Y. 

Columbia-National Corp., 
70 Memorial Dr., 
Cambridge 42, Mass. 
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RADIATION 
PROTECTION 
_ SERVICES 





The only film-badge 
service offering the 
- following combina- 
13-week and annual 
data reports; microfilming of an- 
nual data report for safe, perma- 
combination security-photo and film 
badge; single holder for neutron 
and beta-gamma-x film packets; 
Urinalyses 
The most comprehensive urinalysis 
service commercially available, 


Film Badge Service 
tion of valuable fea- 
tures: cumulative 
nent storage; extreme inherent 
sensitivity; tamper-proof badge; 
ring and wrist type badges also 
available. 
including analyses for 
Total and enriched uranium 


Fission products Plutonium 
Thorium Tritium 
Gross alpha Net Beta 
Strontium Beryllium 
Environmental 


Radioactivity Surveys 


Collection and radioanalysis of en- 
vironmental and biological samples, 
for gross activities and/or specific 
nuclides in 


Vegetation and milk 
Air particulates Silt and soil 
Small animals Fish and algae 
River and lake water 

These free brochures are available: 

N-1 Radiation Hazards Protection Program 

N-2 Applied Nuclear Research and Radio- 
analytical Services 

-3 Film Badge Service 

/-4 Bio-assays for Hazard Control 

-S Environmental Radioactivity Surveys 


Overseas inquiries invited. 


AM 
a 


222 


rorebetamel i 
iced @ 
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130 ALEWIFE BROOK PKWY., CAMBRIDGE, MASS 
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INDIAN POINT... atomic landmark 


Vitra 


/ 





> ae -@ 


Construction at Indian Point 


fe ENGINEERING COMPANY, 4 division of Vitro Cor- 
poration of America, has played a vital rdle in establish- 
ing many of the technological landmarks of the Atomic Age. 


The latest—and one of the most significant—of these 
landmarks is a great nuclear power station now rising at 
Indian Point on the Hudson River. Beginning in 1961, this 
Indian Point station will produce 275,000 kilowatts of 
electricity. 


Vitro Engineering Company has served shoulder-to- 
shoulder with Con Edison and Babcock & Wilcox in deve!op- 
ing this historic station. Its réle began with the evaluation 
of reactor proposals, extended through preparation of all 
construction drawings and now includes assistance in the 
training of Con Edison’s operating personnel for Indian 
Point. 


Engineers to the Atomic Age 





DIVISION VITRO CORPORATION OF AMERICA 


ENGINEERING COMPANY 
225 FOURTH AVE., NEW YORK 3, N. Y. 
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units (above, bottom) for 360-deg cir. 
cumferential or 40-deg  single-port 
X-ray examination of equipment in the 
field or in laboratories.—Mitchell Radi- 
ation Products Corp., E. Washington 
St., Norristown, Pa. 


Rubber Pipe, Tees and Elbows 


Rubber compound, Tuflex, has been 
developed for rubber expansion joints 
and pipe installations in systems han- 
dling abrasive or corrosive liquids, 
slurries, suspensions and solids. Avail- 
able in standard sizes from 14 to 72 in, 
id. with either duck-and-rubber or 
duck-and-neoprene integral full-faced 
flanges or new integral Gen-Lok ends. 
Rubber pipe is available in lengths up 
to 50 ft—General Rubber Corp., 52 
Summit St., Tenafly, N. J. 


Ultrasonic Cleaner 


Model DR-500-AL ultrasonic-cleaning- 
system power is 500 watts. Tank sizes 
range from 0.5 to 2 gal. High-tem- 
perature brazing is used instead of 
epoxy cement for attachment of trans- 
ducer diaphragm so that unit can be 
used at temperatures limited only by 
brazing temperature.—Acoustica 
Associates, Inc., 26 Windsor Ave., 
Mineola, N. Y. 





Continuous lon Exchanger 


Continuously operating ion exchanger 
(above) gets away from interruptions 
necessary for regeneration in conveD- 
tional system. Designed and_ built 
under license from Chemical Separa- 
tions Corp., Oak Ridge, Tenn., unit is 
designed to accomplish chemical sepa- 
rations that would not be feasible with 
conventional fixed-bed ion-exchange 
equipment. When used for purifica- 
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tion of uranium-ore concentrate, equip- 
ment delivers solution containing 150 
gm U/1, and does so with only fraction 
of amount of ion-exchange resin that 
would be required with conventional 
equipment.—Illinois Water Treatment 
Co., Rockford, IIl. 








Krypton-85 Battery 


Model K1A-50 krypton battery (above) 
with output potentials greater than 5 
kv in volume <14in.? Krypton is not 
metabolized in any way by the body, 
therefore, batteries using krypton are 
hazardous only if unshielded. Fur- 
thermore, if battery is accidentally 
opened, krypton dissipates harmlessly 
into atmosphere. Characteristics in- 
clude following: voltage of 5 kv per cell, 
open circuit; minimum current of 100 
pua at no load, 50 uua at 3 kv (low 
humidity); capacity of <30 uf; exter- 
nal radiation of <7.5 mr/hr at 2 in. 
from surface; useful life apparently lim- 
ited only by half-life of krypton-85 
(~10 yr); temperature range of —175 
to +165° F.—Radiation Research 
Corp., 1114 First Ave., New York 21, 
me ¥. 

Electrostatic Voltmeter 


Model 107A feedback electrostatic 
voltmeter permits measurement of free- 
space electrostatic potential of small 
area on electrostatically charged sur- 
face by placing probe in proximity to 
surface. Specifications include: range 
of +1,000 v and bandwidth of d-c to 
50 cps. For probe spacing of }¢ in. or 
less, surface resolution is circle of <}4 
in. in diameter (3-db points). Inher- 
ent error in instrument is under 0.2% 
if probe does not exceed }¢ in. separa- 
tion from surface. Drift is generally 
<5 v per day after 2-hr warmup. 
Rate of drift is generally <0.5 v/hr 
under conditions of constant tempera- 
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Vitro International offers to free world industry and government 
nearly twenty years of unmatched experience in nuclear energy. 

From offices in Switzerland and Italy, this experience is now being 
applied to the design, engineering and construction of facilities in 
Europe for nuclear power, nuclear research, and reactor materials 


production. 


VITRO’s architectural engineering experience includes: 


e Raw and Feed Materials 
© Reactor Materials 

e Reactor Studies 

e Fuel Preparation 

© Waste Disposal 


Nuclear Power Stations 

Fuel Reprocessing and Separation 
Radiological Laboratories 
Irradiation Test Facilities 

Space and Process Heat Plants 


As a special service, Vitro International assists overseas clients in the 
complex arrangements for overall financing, special nuclear materials, 


and spent fuel reprocessing. 


In addition, the facilities of Vitro’s research laboratories in the 
United States are available to overseas clients for chemical, metal- 
lurgical and nuclear research and process development. 


Vitro makes tomorrow’s technology available today 


Vitra 


A DIVISION OF VITRO CORPORATION OF AMERICA 


261 Madison Ave., New York 16, N.Y. 
64 Rue de Stand, Geneva, Switzerland 
Piazza Repubblica 12, Milan, Italy 
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ADVERTISEMENT 





SURFACE COATINGS 





Why Engineers and Architects 
Specify Liquid Tile Coating 





Toughest Atomic Coatings Problems Solved 


By Evershield’s Surface Coating Materials 


From the architect’s plans for the con- 
struction of a new atomic facility, to the 
modernization of older reactor areas, 
Evershield Liquid Tile has proven its 
economy and value. 


Liquid Tile is a thermal setting, plastic 
resin. Applied as a liquid, it cures by in- 
ternal heat into a vitreous-hard, totally 
unbroken surface. It is a 100% solids coat- 
ing, totally free of solvents, and is com- 
pletely non-porous and corrosion resistant. 
Since it may be applied without color, or 
in permanent, non-fading colors, it is 
therefore a highly versatile surface coating 
to be used wherever other coatings—in- 
cluding metals and ceramic finishes—fail 
or are otherwise undesirable. 


Radiation Resistance 


The characteristics of Liquid Tile make 
it particularly efficient wherever radiation 
resistance and ease of decontamination 
are necessary. This includes walls, pools 
and floor areas. It has survived 10°R 
without breakdown, enabling its use closer 
than other coatings to source materials. 
Its resistance to ageing provides lower over- 
all costs. It is 100% waterproof and vapor- 
proof, insuring maximum protection against 
leakage of contaminated water and fission 
material. It is easily decontaminated with 
ordinary soap and water. It is unaffected 
by intermittent exposure to extreme sol- 
vents through spillage, drainage and wash- 
ing, and has survived boiling in 5% NaOh 
and 5% H2S°4 without effect. 


When used as a laminant with “fiber- 
glas cloth,” Liquid Tile provides complete 
protection against minor construction 
faults and shrinkage. Weight for weight, 
fiberglas-reinforced Liquid Tile is one of 
the strongest structural materials known, 
and resists tremendous loads and impact, 
such as are found in loading and floor 
areas. 


Ideal Block and Wall Coating 


Liquid Tile’s basic characteristics make 
it an ideal wall coating for administrative 
areas in atomic facilities, such as in cor- 
ridors and office spaces. It is easily applied 
by brush, spray or roller, in viscosities as 
thin as a varnish, or as heavy as whipped 
cream. Factory trained applicators can 
produce almost unlimited color tones, from 
soft pastels to multi-color effects that are 
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particularly effective in hiding mortar | 
joints and minor construction faults. The | 
resulting surface is not only unbroken and 
practically maintenance-free, but also non- | 
fading and abrasion-resistant. Sandblasting | 
with #1 silica has failed to remove Liquid | 


Tile from the coated surface. 


Evershield Liquid 
Tile Installations 


EBWR—Argonne National Lab 
PWR—Shippingport, Pa. 


Fuel Fabrication Facility—Argonne Na- | 


tional 
Expended Core Facility—NRTS, Idaho 
Martin Company—Maryland 
Test Reactor—Babcock & Wilcox, Va. 


ERCO Plant, ACF Industries, Maryland 


Union Carbide, Oak Ridge 
Los Alamos Scientific Lab 
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ture and line voltage (+10% line volt. 
age change produces a +244 v drift), 
Device has high open-loop gain (about 
5 X 108). Wide-band noise is gener. 
ally <5 v rms.—Monroe Electronic 
Laboratories, Inc., Middleport, N. Y, 





| Pressure Transducer 


| Pressure transducer (above) for pri- 
|mary- and secondary-loop measure- 
|ments in pressurized-water, boiling- 
| water, and some organic-moderated 


Decontamination Bldg.—Argonne National | and homogeneous reactors are built 
Lab 


|entirely of inorganic components with 


Physics & Metallurgical Hot Lab—Ar- |span and zero-trimming adjustments 


gonne National Lab 


Argonaut Training Reactor—Argonne Na- 
tional Lab 











Complete 
Nuclear 
Data On 
Evershield 
Liquid 

Tile 









Write for Brochure 103 


EVERSHIELD 


PRODUCTS, INC. 


Nuclear Sales Office 
52 W. Jackson Blvd. 

Chicago 4, Ill. 
Webster 9-0519 


DIVISION OF EVERSHIELD 


PRODUCTS, INC. JOPPA, MD. 


‘remote from transmitter. Pressure 
transducer consists of pressure element, 
helical or capsular, and differential 
transformer. Pressure elements are 
normally type-316 stainless steel in 
ranges from 0-1 in. water column to 
0-10,000 psi.—The Bristol Co., Water- 
bury 20, Conn. 


| Megohm Bridge 


| Model 801 bridge can accomplish high 
resistance measurements to beyond 
10'4 ohms and to accuracies as close as 
0.08%. Unit also permits accurate 
voltage-coefficient analysis of various 
insulating materials, and its high de- 
| gree of resolution permits observation 
of minute differences in characteristics 
of basic materials such as would occur 
| with small amount of exposure to radi- 
‘ation. Unit is furnished complete with 
‘set of nine laboratory standard resis- 
| tors.—Mid-Eastern Electronics, Inc., 
32 Commerce St., Springfield, N. J. 


| Ground-Contamination Monitor 


| Type ND 21 ground-contamination 
| monitor is designed for outdoor service 
land consists of two halogen-quenched 


May, 1959 - NUCLEONICS 

























NUCOR 
RAYCHRONIX 
D-1A IONIZATION 
CHAMBER 
“CUTIE PIE” 


Range: 0-50-500-5000 mr /hour 
Construction: Humidity resistant 
Batteries: 4 Eveready 22.5V No. 412 

1 Eveready 1.5V No. 950 
Weight: 2 Ibs. 


NUCOR 
NRD CS-40 
IONIZATION 


Range: 0-.02-.2-2-20 R/hour 
Construction: Built to BNL Design 
Batteries: 5 Eveready 22.5V No. 412 

2 Eveready 1.5V No. 950 
Weight: 5% Ibs. 


NUCOR 
RAYCHRONIX 
D-6 SAMPSON 
ALPHA METER 
Range: 0-500-2500-12,500 cps 
Sensitivity: 2 Mev alphas; .05 Mev betas 
Chamber: 40 cubic inches with .6 
mg/cm? pliofilm window (4’ x 42”) 

Batteries: 4 Mallory 1.3V No. RM12 

7 Eveready 22.5V No. 412 

1 Mallory 6.5V No. 302435 1RX 

1 Mallory 9.2V No. 302437 1RX 
Weight: 71/2 Ibs. 


Send for free catalog. 
NUCLEAR CORP. OF AMERICA 


INSTRUMENT & RESEARCH DIV. 
2 Richwood Place Denville, N. J. 
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CHAMBER “CUTIE PIE”’| 


Geiger tubes that are mounted in close 
proximity under light-alloy cowling to 
provide protection against weather. 
One tube is screened from beta activity 
but detects gamma activity from all 
directions. Second tube responds to 
beta activity from ground only. Sep- 
arate five-figure drum counters indicate 
total count due to gamma only and 
gamma plus ground beta. Latter 
count rate also is recorded continuously 
on seven-day circular chart, scaled log- 
arithmically from 3 to 300 eps, as is 
total count. Range of count rate ex- 
tends from natural background to two 
decades above.—Elliot Brothers, Ltd., 
Lewisham, London 8.E. 13, England. 


NMR Field-Control 


Model FC-501 nuclear-magnetic-reso- 
nance magnetic-field control unit has 
range of 310—20,000 gauss with stand- 
ard probes. For control of fields out 
|of this range, special probes are avail- 
| able. Field-control unit consists of 
| power supply, lock-in amplifier and 
/modulator. Oscillator is stable to > 10 
/ppm. Even greater stability can be 
obtained by cohering it to external fre- 
quency standard. Modulation sweep 
range is 0-20 gauss.—Harvey-Wells 
Electronic, Inc., 5168 Washington St., 
West Roxbury 32, Mass. 











Pulsed-Neutron Generator 


Model NT-60-8 generator (above) pro- 
duces 107, 14.3-Mev neutrons in 4-ysec 
pulse at up to 10 pulses per second. 


tube are accelerated by 150,000-v pulse 
into tritium target. Both source and 
target use occluded-gas techniques to 
contain deuterium and tritium. Tube 
is maintained at high vacuum by small 
electronic pump that is integral part of 
tube——Kaman Aircraft Corp., Albu- 
querque, N. M. 


Pulse Generator 


Model PRG-127 portable pulse gener- 
ator is specifically designed to check 
and calibrate nuclear instruments. 
Generator delivers stable, evenly- 





Deuterium ions produced in source of | 


| 





S 


FAST 
NEUTRON 
DOSIMETER 


NUCOR E-1B made to specification 
(AN/PDR -47A) is designed to provide 
a reading proportional to human tissue 
sensitivity over the range of 0.2 to 
10 Mev through the use of a proton 
recoil proportional counter and a 
gamma discriminating rate meter 
circuit. 





SPECIFICATIONS 


Range: 0-5/50/500 millirep per hour 
and 0-200 millirep total integrated 
count. 


Batteries: 10 size D flashlight cells. 
(E-1B is completely transistorized) 


Weight: 7 pounds. 
Dimensions: Electronic case 10’ x 434” 
x 554” high, Probe 934” x 2” 0.D. 


Send today for descriptive literature. 
NUCLEAR CORP. OF AMERICA 


INSTRUMENT & RESEARCH DIV. 
2 Richwood Place Denville, N. J. 
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‘‘sush button”’ 
access locks 
eliminate 
human error 


Henry Pratt 

access locks 
at MIT Test 
Reactor 


Absolute integrity is assured any Nuclear Reactor Contain- 
ment Vessel when Henry Pratt Co. Access Locks are provided. 
Completely automatic, these unique safety devices are inter- 
locked so that entrance and exit to the vessel is accomplished 
with ease, in 25 seconds, with complete safety. 


The knowledge and experience gained through installations 
at Vallecitos (GETR), Arco (EBR-2), M.I.T. (test reactor), 
Ispra, Italy (CNRN) and others, has enabled the Henry 
Pratt Co. to offer a complete line of standard sizes for both 
personnel and equipment in high pressure and low 
pressure design. 

Among exclusive Henry Pratt Co. Access Lock features are: 


1 Inflatable Seal Personnel Air Locks. Either round or rec- 
tangular. Only one second is required to inflate or deflate 
the seal from readily available plant air supply. Emergency 
inflation can be provided by standby nitrogen tanks or air 
reservoirs. Push button actuated, only proper sequence of 
buttons will operate doors. Eliminates error. Flush-floor 
doors for easy passage of personnel or hand-trucks. Features 
pressure equalizing valves which prevent radical pressure 
changes within lock. 


2 Inflatable Seal Equipment Locks. Design provides 8’ x 10’ 
opening. Flush mounted doors permit use of full area for 
equipment passage. Features pressure equalizing valves 
which prevent radical pressure changes within lock. 


3 Compression Seal Personnel Air Lock. High pressure 
design up to 45 psia. Rectangular 3’-6” x 6’-8” passage. Con- 
forms with ASME non-fired pressure vessel code. Features 
pressure equalizing valves which prevent radical poeneme 
changes within lock. 


The Henry Pratt Co. is also a pioneer in the design and manu- 
facture of butterfly valves and expansion joints for the Nuclear 
Industry. A competent group of sales engineers are located in 
key cities. In Europe, represented by Ateliers J. Hanrez, Societe 
Anonyme, Monceau-sur-Sambre, Belgium. 


Bulletin 4518S soon to be pub- 
lished, fully explains these HENRY 
and many other advance fea- r¥qry 
tures of the 25 standard sizes = | + / \ | I 
available in fully automatic 


or manual design. Be sure 
to write for your copy today. 





Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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spaced pulses of positive or negative 
polarity. Mercury relay is used to ob. 
tain fast-rise, exponential-decay pulses, 
Output is variable from 1 pv to 10 y.— 
Atomic Accessories Inc., 244-02 Ja. 
maica Ave., Bellerose 26, N. Y. 


Mercury Pulser 


Model 413 mercury-relay sliding pulser 
supplies pulses up to 100 v at low out- 
|put impedance. Full-scale amplitudes 
are 1, 3, 10, 30 and 100 mv and 1, 8, 10, 
30 and 100 v with decay times of 1, 3, 
10, 30 and 100 ysec.—Radiation In- 
strument Co., P. O. Box 733, Silver 
| Spring, Md. 








| Thermocouple Welding Probe 


| Model HP-3030 is pressure-sensitive 
| resistance-welding probe (above) de- 
signed for welding thermocouples. 
Handpiece consists of welding lead with 
pressure-sensing mechanism and sepa- 
rate ground lead. Probe fires at preset 
pressure of 1-25 lb to produce 1-msec- 
current pulse. Exact repeatability is 
guaranteed, assuring reliable welds re- 
gardless of operator skill or difficulty of 
location of weld. Handpiece has maxi- 
mum power capacity of 500 watt-sec. 
Each unit is shipped with standard, 
interchangeable electrode tips, 5-ft 
welding cables, and switch cord. 
—Weldmatic Div., Unitek Corp., 380 
N. Halstead Ave., Pasadena, Calif. 





| 
|Binary Scaler 


Model GS-7 binary scale of 256 is de 
signed for use with Geiger, scintillation, 
or proportional detectors. Built-in 
features include automatic reset 
elapsed-time indicator, five-digit Sodeco 
register and seven-position scale-selec- 
tor switch.—Technical Associates, 140 
W. Providencia Ave., Burbank, Calif. 
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ONLY ACOUSTICA 
ULTRASONIC CLEANERS 
HAVE MULTIPOWER' 








Closed-Circuit TV 


Closed-circuit TV system (above) fea- 
tures entirely electronic light compen- 
sator that instantly and automatically 
adjusts to compensate for light changes 
over practical range eight times as 
great as normally covered by lens stops 
(maximum theoretical control limit is 
10,000 to 1 without change in iris set- 
ting). Accessories include remote con- 
trols for optical focus, lens turret, zoom, 
iris, pan, and tilt, as well as special 
housings, distribution amplifiers, and 
multiple camera switches.—Interna- 
tional Telephone & Telegraph Corp., 
15191 Bledsoe St., San Fernando, Calif. 


gett 





Current Integrator 








Model A309 current integrator is cur- 
rent indicating instrument that also 


4 Somers * 
measures total charge collected in given 


length of time. Integrator contains in- MAJOR BREAKTHROUGH 
ternal calibrating current source. Spe- iN ULTRASONIC TECHNOLO GY! 
cial register and set of five switches en- ws 


ables given five-decimal-digit count to 
be preset. Designed particularly for 
use with high-voltage particle acceler- 
ators such as Van de Graaff generator, 
instrument covers current ranges from 


In determining which ultrasonic cleaner to buy, 
remember that all ultrasonic cleaners are not 
alike. There is variation in uniformity of cavitation. 
There is variation in the transducer — and the 
transducer is the heart of an ultrasonic cleaner. 
The Multipower transducer developed by 
Acoustica research, multiplies the power and efficiency of ultrasonic 
action. Cleaning is faster, labor costs are lower. 





1 ma to 3 mua in 12 switch settings.— 
Eleor, Inc., 1225 W. Broad St., Falls 
Church, Va. 


Acoustica ultrasonic cleaners are engineered and produced to the finest 
standards, unequaled in quality and value. Off-the-shelf in capacities 
from 1 to 75 gal. or custom built to 5000 gal. Expert Acoustica engineers 
can help you with your cleaning problems. 
Send for further information. i 

| 


) 
ACOUSTICA 


Leader in research and deveiopment of ultrasonic systems 
Los Angeles and New York 
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Scaler 


Type 1700 scaler (above) incorporates 
complete and automatic counting appa- 
ratus in single table-top unit; it re- 
quires only addition of radiation de- 


Acoustica Associates, Inc. 
Dept. N , 26 Windsor Ave., Mineola, N. Y. 


Send information describing advantages of Acoustica ultrasonic cleaners. 











tector (type 700 shown). Incorpo- Name 

rated in scaler are fast scaler, electronic Company. 

timer, facilities for “preset time” or Address. 

“preset count” operation ratemeter, City Zone State 








single-channel pulse-height analyser, 
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SEAMLESS AND WELDED 


STAINLESS and NICKEL-ALLOY TUBES 


.095” O.D. TO 1.0625” O.D. 





¢ HEAT EXCHANGER TUBES 


¢ PIPE AND OTHER PRESSURE TUBES 





Large stocks of raw ® MECHANICAL TUBING 
material assure early 


hi . h | . 
shipping schedules All Cold Drawn and Bright Annealed 





SMITH TUBE CORPORATION 
RIDGEWOOD, NEW JERSEY 

















after the city, before the state 
the ZONE keeps your mail from being late 


The Post Office has divided 106 cities into postal delivery 


zones to speed mail delivery. Be sure to include zone number 
when writing to these cities; be sure to include your zone num- 


ber in your return address — after the city, before the state. 
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stabilized high-voltage supply (250- 
2,000 v) and linear pulse amplifier — 
Isotope Development, Ltd., Beenhan 
Grange, Aldermaston Wharf, Berk. 
shire, England. 





Fast-Neutron Survey Meter 


Model EP (above) is battery-operated, 
portable fast-neutron survey meter 
working on principle of proton-recoil 
scintillation counter. Quantity meas- 
ured is energy-flux density. Meter 
provides three sensitivity ranges of 
0-7.5, 0-75, and 0-750 mrem/hr. De- 
tector is hollow, polyethylene sphere 
coated on inside with ZnS phosphor. 
Energy range is ~0.1-20 Mev neu- 
trons. Lower limit is set by individual 
adjustable bias on each range to reject 
Compton electrons.—National Radiac, 
Inc., 479 Washington St., Newark 2, 
N. J. 


Sample Counter 


Model SC-51A Autoscaler is suitable 
for Geiger and scintillation counting 
and adaptable to proportional count- 
ing. When set for scintillation count- 
ing, resolution is less than 1 psec and 
pulses up to 10 v are accepted without 
overloading. When set for Geiger 
counting, resolution is 5 usec and 100-v 
pulses can be accepted. Features in- 
clude wide range of preset count and 
option to use binary or decade scale, 
which extends the count capacity to 
65,536 events with 12 preset counts.— 
Tracerlab, Inc., 1601 Trapelo Rd., 
Waltham 54, Mass. 


Electrometer 


Model AEI-101 current-integrating 
electrometer is  single-chassis unit 
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capable of measuring positive or nega- 
tive currents of 5 X 107!~-1 X 107% 
amp, fullscale. Feature of instrument 
is its zero-impedance input (even where 
extremely small voltages are con- 
cerned) so that all of measured cur- 
rent flows through electrometer rather 
than through shunting load impedance. 
Feedback current amplifier, followed 
by self-discharging current integrator, 
forms basis of instrument. Feedback 
amplifier is stabilized high-gain ampli- 
fier in which output voltage (0-10 v) 
is function of stable input resistors. 
Charging capacitor integrates output 
voltage of current amplifier to preset 
voltage. Capacitor is automatically 
discharged, and number of discharges, 
plus final partial charge of capacitor, 
are recorded. Charge and discharge 
sequence occurs in decade steps of 
microcoulombs. Preset feature is op- 
tional.—Applied Radiation Corp., 2404 
N. Main St., Walnut Creek, Calif. 


Air Sampler 


Developed for collecting aerosol sam- 
ples near operating reactor, air is sam- 
pled at constant rate of 2 cfm. For 
maximum legal protection, actual vol- 
ume sampled and operating time are 
recorded. Flow is kept constant by 
limiting-orifice control. Aerosol sam- 
ples are collected on 2-in. filter (mem- 
branes, glass fiber or other can be used) 
for subsequent counting or autoradio- 
Free flow of pump is 5.5 cfm. 
Instrument Co., Chelsea, 


graph. 
Gelman 


Mich. 





Hot- or Cold-Gas Servo 


Gas servo device (above) for high tem- 
perature and radiation environments is 
especially designed for application 
where hydraulic servomechanisms are 
By using gas directly, 
energy-conversion step is eliminated. 
Other features include: high-frequency 
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Now with 
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«Measure C4 and H® activity to 10 12 Curies 
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¢ and make a variety of other precise measurements 6 


Besides being the most accurate, convenient and inexpensive 
instrument for determining C!* and H3, the CARY Model 31 may 
be used to perform a variety of other tasks in the laboratory. 


e A sensitive detector for beta and gamma 
radiation. May often serve as a substitute 
for geiger or proportional counters. 

A spectrometer for measuring alpha energy 
in the presence of substantial beta and 
gamma emissions. 


A monitor for gamma background, surface 
alpha contamination, or air contamination. 


A DC amplifier for semi-conductor studies, 
pH measurement (detects changes to .0005 
PH), insulation leakage measurements, 
determination of grid currents on vacuum 
tubes and many other measurements of 
electrical properties. 


FOR EXAMPLE, 
The 31 may be used as: 


So, if you are considering instrumentation 
to perform these tasks, investigate 

the CARY Model 31. Its versatility, 
reliability, speed and compactness will save 
time, money and bench space. 


FOR COMPLETE INFORMATION 
PHONE OR WRITE FOR DATA FILE K11-59 


APPLIED PHYSICS CORPORATION © 2724 SOUTH PECK ROAD + MONROVIA, CALIFORNIA 
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chemist #5 






At Los Alamos, chemistry means re- 
search in such fascinating fields as 
radiochemistry, radiation chemistry, 
biochemistry, reaction kinetics, cryo- 
genics and the chemistry of uranium, 
plutonium, deuterium and tritium. It 
means too, the availability of some of 
the world’s finest research facilities. 
And chemistry is only one of the 
scientific activities in which trained 
men and women with imagination find 
challenge at Los Alamos. 


Employment inquiries are 
invited. Write to: 
Personnel Director 
Division 59-47 


losG Jalamos 


scientific laborato 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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response through pressure-type control, 
electrically controlled damping, adjust. 
able stiffness and accuracy character. 
istics, poppet valves that minimize 
leakage and sensitivity to contami- 
nants, and symmetrical design that 
lessens thermal shock problems. Bas- 
ically force servo with position and ve- 
locity feedback, it consists of three 
major components: energy source, 
valve actuator units and stabilization 
network.—General Electric Co., Lynn, 
Mass. 





Standards and Sources 


Model SK-1 standards and sources set 
(above) contains selected group of four 
certificated radioactive standards in 
solution and 16 sources, all in AEC 
license-exempt quantities. Standards 
are supplied in flame-sealed glass am- 
poules. Sources come in various sizes 
{and shapes. Standards and sources 
are contained in walnut case along with 
a source handler, instruction booklet 
and 100-yl pipette with syringe.—Nu- 
clear-Chicago Corp., 229 W. Erie St., 
Chicago 10, Il. 


New Photomultiplier 


Model 7326 ten-stage, head-on photo- 
multiplier tube has S-20 spectral re- 
sponse (3,000—-7,500 A, with maximum 
response at ~4,200 A). In blue re- 
gion, tube has photosensitivity ~40% 
| greater than comparable tubes having 
S-11 response. Red photosensitivity 
is greater than any other known tube. 
Photocathode can be cooled to liquid- 
air temperature to reduce already low 
thermionic dark current to extremely 
low value without reducing conduc- 
tivity to the point where current- 
carrying capability isimpaired. Other 
design features include in-line dynode- 
stage structure, flat faceplate and 
focusing electrode having external con- 
nection. Tube has minimum photo- 
cathode diameter of 1.68 in. and maxi- 
mum length of 6.78 in.—Radio Corp. 
|of America, Harrison, N. J. 
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INDUSTRY NOTES 





¢ Textron, Inc., has purchased an 80% 
interest in Nuclear Metals, Concord, 
Mass., held by Memorial Drive Trust, 
profit-sharing fund owned by employees 
of Arthur D. Little, Inc. Other Nu- 
clear Metals stockholders are Allegheny 
Ludlum Steel and H. Hugh Willis, 
president, and A. R. Kaufmann, vice- 
president, Nuclear Metals. 


e ACF Industries has broken off its 
Albuquerque organization from the 
Nuclear Products-Erco div. and raised 
it to full divisional status, as of April 1. 
Albuquerque holds nuclear-rocket con- 
tracts and others in support of the Los 
Alamos and Livermore Laboratories of 
AEC. New president of the division 
is William J. Jackel, former Albuquer- 
que manager. 


e Hard upon its entry into the produc- 
tion of zirconium and hafnium, Mal- 
lory-Sharon Metals has established a 
new research and development team for 
these and other metals, under Lee S. 
Busch. The group will handle every- 
thing from basic research to metallurgi- 


cal services for M-S customers. 


eR. S. Landauer, Jr. & Co., Matteson, 
Ill., has added cumulative reporting to 
its film-badge service for monitoring 
radiation; reports will show most recent 
week, total for past 13 weeks, and total 
for year to date. 


¢No less than four radiation firms 
have established new West Coast con- 
nections: Nuclear Science and Engi- 
neering’s Richard Frankel has opened 
a San Francisco office; Baird Atomic 
and its sales subsidiary Atomic Associ- 
ates, have located in Gardena, Calif., 
under Edward Forgeron; High Voltage 
has opened a sales office in Los Angeles, 
under David R. Kneeland; and Cenco 
Instruments has acquired Atomic Labo- 
ratories of Berkeley. 


® Calumet & Hecla’s Wolverine Tube 
div. is tripling its research facilities for 
work on zirconium, niobium, molybde- 
num and other nuclear and missile 
materials. A portion of the new facili- 
ties has been reserved for development 
of product ideas stemming from nuclear- 
contract work for AEC and others. 


FINANCIAL. A loss of $258,000, 
down 80% from the ’57 loss of $1.4- 
million, was reported by Tracerlab for 
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58. Sales were down from $12-million 
to $10.3-million as the company suc- 
cessfully cut down its losses by drop- 
ping uneconomic products. All but 
some $20,000 of the year’s loss was in- 
curred in the first half. Tracerlab also 
announced a quadrupling of its research- 
development budget for ’59 and the 
opening of new sales offices in Colum- 
bus, Ohio, and Atlanta. . . . Victoreen 
Instrument reported a ’58 net of $242,- 
547, or 29 cents a share, on sales of 
$5,449,340; ’57 net was $303,292 (non- 
taxable) on sales of $3,068,425... . 
Babcock & Wilcox said some parts of 
its nuclear work have begun ‘‘to show 
a modest profit” as it reported a net of 
$13,035,000, or $2.13 per share in 758; 
’57 net, including $2.25-million in non- 
recurring income, was $14.2-million, or 
$2.69 per share. . . . Radiation Dy- 
namics, Inc., Westbury, L. I., reported 
a $200,000 backlog after its first seven 
months of operation—mostly from 
service contracts for its electron acceler- 
ator (with American Cyanamid, Phelps 
Dodge and others); first sale of an RDI 
accelerator has been made to Wilmot 
Castle, Rochester, who will market the 
machine for RDI in the sterilizing field. 
. . . National Research Corp., Cam- 
bridge, Mass., had a loss of $522,617 in 
’58—most of it incurred in setting up 
tantalum production. 


NEW FIRMS. With headquarters at 
509 Fifth Ave., New York City, Engi- 
neered Materials has been formed to 
furnish raw materials for ceramic, pow- 
dered-metals and other users... . 
Advanced Technology Laboratories, 
a division of American-Standard, has 
been formed by combining AmStan’s 
atomic energy div. and the Redwood 
City, Calif., laboratory of the Detroit 
Controls div.; headquarters are in 
Mountain View, Calif., with E. Justin 
Wilson, Jr., in charge. 


NEW BUSINESS. A new cobalt-60 
unit produced by Budd Co. has been 
sold to Shell Chemical Corp.; called 
the “hotrodder” the unit sells for 
$100,000. . . . Controls for Radiation 
has two new contracts from Cambridge 
Air Force Research center, both con- 
nected with fall-out. ... Nuclear 
Development Corp. of America is 
studying the extent of gamma radiation 
produced within the armor of tanks by 
nuclear weapons—for the New York 
Ordnance District and Watertown, 
Mass., arsenal. 





WILL YOUR PRODUCTS 
\\1 RESIST 


Rethstion: 





TESTING WILL GIVE 
THE ANSWER 


If your products are to be subjected to 
radiation, there is just one way to know 
in advance how they will stand up, and 
that is to test them by applying the same 
type of radiation they will receive in 
actual use. And, fortunately, you need not 
have the apparatus for doing the testing. 


Here at the MIDWEST IRRADIATION 
CENTER you can have the services of 
an ARCO eight-million-electron-volt 
linear accelerator and competent per- 
sonnel — all on a rental basis for testing 
a wide variety of materials and equip- 
ment. And remember, in a matter of 
hours we can subject your product to 
as much radiation as it might receive in 
normal use over a period of years. 


Available for Research and 
Commercial Processing 

You can also use the CENTER for the 
irradiation processing of products, either 
for research or commercial use. The 
accelerator produces high-energy elec- 
trons, neutrons, and X-rays and will 
treat both thin and thick materials. 


Space is available for setting up experi- 
ments, and locked storage is provided. 
Groups need only be concerned with 
experiments . . . the CENTER will do 
the processing. 

Tell us your requirements. Full informa- 
tion will be furnished without ottignica. 


Midwest Irradiation Center 
W. F. & JOHN BARNES CO. 











350 SOUTH WATER STREET 
ROCKFORD, ILLINOIS 
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MANUAL REMOTE VALVE CONTROLS 


Stow Flexible Shafts Used 
in Sodium Reactor Experiment 


Photo 1) Two half-inch globe valves located in the center of this photo 
are controlled by STOW size 40 geared joints connected by STOW flex- 
ible shafts. The flexible shafts go through the 6-foot concrete walls and 
are connected to valve remote operating terminals on the other side. 
Flexible shafts are used to operate these valves since they can be put in 
an “S”-shaped path when going through the concrete walls. This pre- 
vents radiation escaping from the chamber. These half-inch globe valves 
are used in the organic cooling system of the Sodium Reactor Experi- 
ment, an experimental nuclear power reactor built and operated for the 
Atomic. Energy Commission by Atomics International, a division of North 
American Aviation, Inc. 


Photo 2) STOW remote control flexible shafts control one-inch bellows 
seal valves, using STOW V2 valve couplings (center of photo). These 
are installed in the sodium service lines in the main gallery of the Sodium 
Reactor Experiment. The sodium system comprises equipment for 
melting, filtering and introducing sodium to the fill tanks. The half-inch 
globe valve at upper right is an inert gas line. 


Photo 3) STOW flexible shafts control these 1-% inch diaphragm valves 
in the radioactive waste vault of the Sodium Reactor Experiment. The 
liquid waste disposal system is designed to dispose of the effluent from 
the fuel cleaning cells and the hot cells. 


For complete information on these controls, write today for Design Man- 
ual 5811. 


STOW MANUFACTURING CO. 


355 Shear St., Binghamton, N. Y. 











NUCLEAR CAMPUS 


® Buffalo Research Center. New 
York State has matched $1-million ip 
federal government and industry funds 
donated to the Univ. of Buffalo, per- 
mitting the school to proceed with an 
expected fall construction start on its 
$2-million nuclear research center. A 
radiation-laboratory annex to the reac- 
tor building, expected to be ready 
within a year, will house two linear ac- 
celerators (probably a 2-3-Mev elec- 
tron machine and a 0.5-Mev positive 
ion machine) and a cobalt-60 source of 
about 5,000 curies. The reactor, a 
1-Mw, single-pool facility expected to 
be purchased from AMF Atomics, will 
take an estimated two years to com- 
plete. The center’s program will em- 
phasize medical radiation but local 
industrial supporters are expected to 
program a wide range of research; 
Buffalo also has substantial federal- 
contract work it expects to carry on at 
the center. 


® Other Campus Notes. The Univ. of 
Wyoming's 10-watt, L-77 training re- 
actor has gone into operation... 
Bucknell Univ. and the Univ. of Mary- 
| land are the latest to purchase reactor 
| simulators from Minneapolis-Honey- 

well; seven had been installed earlier on 
six U. S. campuses and one Canadian 
campus. . . . Case Institute is adding 
| a subcritical reactor with a pulsed 
source to its nuclear-educational facili- 
ties, thanks to a $63,830 grant from 
AEC; the pulsed source will give capa- 
bility ‘for studying reactor kinetics. 
. . . Purchase of a subcritical reactor 
is also in the plans of Northwestern 
Univ.’s Technological Institute—this 
| also with the help of an AEC grant; the 
Institute has recently added a nuclear 
physicist to its faculty (Ernest P. 
Klema of Oak Ridge National Labora- 
tory’s controlled-fusion program) and 
will take on additional faculty members 
in a general expansion of its nuclear- 
engineering curriculum. . . . New York 
State’s Maritime College has pur- 
chased a reactor simulator from Leeds 
& Northrup as a teaching aid in its 
nuclear physics course. 





© AEC has announced the availability 
of a 16 mm film, ‘ Research into Con- 
trolled Fusion,” at all AEC film librar- 
ies (no charge). The 55-minute pro- 
duction is a detailed, technical progress 
report of the U. S. program, filmed for 
the 1958 Geneva Conference... . 
“The Magic of the Atom,” a 26-film 
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series on the peaceful uses of atomic 
energy, is available from Handel Film 
Corp., 6926 Melrose Ave., Hollywood 
38, Calif.; the 1244-minute films are 
priced at $65 each. 


¢ A special unit to study the long-range 

impact of nuclear energy on public 
health has been set up by the Univ. of 
Chicago. The Section on Nuclear 
Medicine in the School of Medicine was 
ereated in January, supported in part 
by $500,000 from the Rockefeller 
Foundation. 


Courses 

Engineering and Sciences Extension 
of the Univ. of California has set dates 
for its three nuclear technology sum- 
mer courses at Berkeley (NU, Apr. ’59, 
177): nuclear technology study pro- 
gram—use, techniques and control, 
June 22—Aug. 28; radiological regula- 
tion and use, primarily for personnel of 
regulatory agencies, July 20-30; and 
nuclear technology survey, primarily 
for management, July 13-17. Contact 
E &ST, Nuclear Technology Programs, 
Rm 100, Bldg T-11, Univ. of California, 
Berkeley 4. 

The Dept. of Radiology of Columbia 
Univ.’s College of Physicians and Sur- 
geons is offering radiological physics, 
leading to master-of-science degree; 
full-time for one year, half-time for two. 
Tuition is $1,200. Contact Harald H. 
Rossi, 630 W. 168th St., New York 32, 
N. Y. 

Basic radiological health will be 
sponsored by the Robert A. Taft Sani- 
tary Center, Cincinnati, on the campus 
of the Univ. of Massachusetts, July 
20-31. Course emphasizes basic nu- 
clear physics and chemistry necessary 
for a technical understanding of radio- 
logical health problems. Contact 
Sylvan C. Martin, Regional Engineer, 
Rm 1200, 42 Broadway, N. Y. 4. 

A free three-day course in multichan- 
nel pulse-height analyzers is offered 
by Radiation Instrument Development 
Laboratory about every three months. 
Contact RIDL, 5737 S. Halsted St., 
Chicago 21 (Jay Wolff). 

Basic techniques in radioisotopes— 
for research and development, biology, 
medicine and industry—is being offered 
May 11—June 6 by the Institute of Nu- 
clear Physics at the Univ. of Liege, Bel- 
gium. Contact the Institute, 9, place 
du 20 Aout, Liege. 

Georgetown Univ. has established an 
institute for the study of nuclear-en- 
ergy and outer-space law at its Law 
Center. 
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You can virtually be in several places at one time 
—to accurately detect, check and safeguard against 
radiation hazards throughout your facilities 

or nuclear operations. 

The Riggs AMS-II Multi-channel, Remote Area 
Radiation Monitoring System makes it possible for you 
to “watch dog” many remote areas in a single, 

sweeping glance of the monitor indicators! 

Detection chambers can be strategically placed in 
potential hazard areas up to 5,000 feet from control unit. 
Modular “building block” expansion from 1 to 10 
channels (each a self-contained individual station unit 
with indicators and alarm systems) may be added by 
simple plug-in to the AMS-II unit. Specifications, 
construction features and performance data will convince 
you the AMS.-II is a complete high-stability remote 
radiation detection system in a compact, economical 
single package. Specification highlights include: 

.01 mr/hr to 100 K R/hr ranges, low-level Gamma/Beta, 
fast response time. Control unit for flush or rack 
mounting, 19”W x 12”D x 21”H. Electronic calibration 
(standard), Isotope calibration, optional. 


Write for literature and state the nature 
| of your detection requirement so that 
| | ((—r—! | we may promptly send you proper 
information, at no obligation, of course. 


RIGGS 


NUCLEONICS CORP 


717 North Victory Boulevard, Burbank, California 


\{t Multi-Channel 
¢ Fadiation Monitor 
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DEMINERALIZER 





PUREST 
WATER 


(HOH ABSOLUTE) 


15,000,000* OHMS Water, 
Free of Bacteria, and other 
submicroscopic Particles, 


Organics and Silica 


An entirely new standard of water 
purification by Barnstead now makes 
new advances possible in Chemical, 
Electronic, and Nuclear fields. 


TWO-BED 
MINERALIZER 


WATER 
STILL 


a 


i 


BARNSTEAD 
MF FILTER 


MIXED-BED 


co 





The purification of water often 
requires special engineering and 
a broad consideration of accessory 
equipment. The above combina- 
tion of Water Demineralizers, 
Water Still, and Barnstead MF 
Filter, operated in series, will 
produce 15,000,000* OHMS 
water in production quantities. 
Barnstead has the answer to your 
water purification problem. Write 
today for new catalog “G” on 
Water Stills. Catalog #127 on 
Demineralizers, and Bulletin 
#141 on Barnstead MF Filters. 


*Corrected to 18°C. 


arnsfead 


STILL & STERILIZER CO. Inc. 
NEW YORK CLEVELAND 
Kingsbridge ACademy 
8-1557 6-6622 
CHICAGO BOSTON PHILADELPHIA 
MUlberry JAmaica LOcust 
5-8180 4-3100 8-1796 
LOS ANGELES SAN FRANCISCO 
RYan TEmplebar 
1-6663 2-5391 


34 Lanesville Terrace, Boston 31, Mass. 


FIRST IN PURE WATER SINCE 1878 
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NEWSMAKERS 


B. Von Mayrhauser has been named 
general manager at Baird-Atomic, 
where he will coordinate the company’s 
purchasing, production-engineering and 
manufacturing activities. Von Mayr- 
hauser joined B-A from Bradley Con- 
tainer Corp., where he was production 
manager. 


The recently created Institute of Nu- 
clear Materials Management has 
elected Ralph F. 
Lumb of Quantum, 
Inc., Wallingford, 
Conn., national 
chairman. The In- 
stitute was formed 
last summer to pro- 
mote proper 
agement practices, 
educational stand- 
ards and safeguards 
in the use of uranium, plutonium, 
thorium and other nuclear materials. 


man- 


Lumb 


Nuclear Science and Engineering Corp. 
has promoted Robert L. Bogner to as- 
sistant manager, biology and medicine 
dept., under Abraham Edelmann. 
Bogner has been with NSEC since he 
left the Walter Reed Army Institute of 
Research in 1957. 


New staffers at General Atomic are 
David J. Peery, former vice-president 
of Haller, Raymond and Brown, Inc., 
and John C. Stewart, former theoretical 
Atomic Power 
Laboratory. 


Arthur R. Matheson has left M & C 
Nuclear to join Sylvania-Corning Nu- 
clear as manager 
for reprocessing. 
Matheson is chair- 
man of the reactor 
materials commit- 
tee and a member 
of the membership 
advisory council of 
the Atomic Indus- 
trial Forum. He 
has also held posi- 
tions with AEC and General Electric. 


Matheson 


The United Kingdom Atomic Energy 
Authority has named a new director for 
its Winfrith Heath research establish- 
ment—D. W. Fry. He will divide his 
time between Winfrith and Harwell, 
where he is deputy director of research, 
until F, A. Vick, his successor at Har- 
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well is able to report for work later this 








year. Vick is head of the physics dept,, 
University College. 


Bernard J. Metzger, former chief of 
nuclear science and engineering, Cur. 
tiss-Wright, has donned two new hats— 
director of nuclear sales for the corpora- 
tion and coordinator of nuclear sales 
for the research div. He has been suc- 
ceeded by George Anderson, formerly 
of Nuclear Products-Erco div., ACF 
Industries. Another new staffer at 
C-W is Thomas Horne, who has joined 
the Princeton div.’s nuclear radiation 
dept. as chief of research in the applica- 
tion of radiation to pharmaceutical and 
medical products. Horne was a project 
leader in the U. K. radiation group at 
Harwell. 


A nuclear pioneer for Pacific Coast 
Engineering Co., Walter L. Treadwell, 
assistant chief engi- 
neer, has been pro- 
moted to industrial 
engineering man- 
ager. Treadwell 
directed Paceco’s 
work on four reac- 
tor pressure vessels 
—GE’s Vallecitos 
and test reactors, 
Westinghouse’s test 
reactor, and the 

reactor. 





Treadwell 


Elk River 


power 


Five new appointments at Allis-Chal- 
mers include: John Kuhne, Jr., R. E. 
Fickes and J. C. Louzader to the engi- 
neering staff of the controlled fusion 
group of A-C and RCA in Princeton, 
N. J. (C Stellarator Associates) ; Robert 
E. Potthoff to the nuclear power dept. 
of A-C’s atomic energy div.; and Karlis 
F. Riskevics to the materials and chemi- 
cal section of the division. 


Holmes & Narver has named the man- 
agement of its new AEC Facilities div., 
continuing the firm’s weapons work for 
AEC but “greatly expanding” its re- 
sponsibilities in Project Plowshare 
(peaceful uses of nuclear explosions). 
Under Edwin G. Bowen, division direc- 
tor and H & N vice-president, are Paul 
W. Spain, deputy director; Samuel P. 
Howell, manager, engineering and con- 
struction; A. V. Gibbons, controller; 
James L. Lund, manager, administra- 
tion; and John H. Manning, procure- 
ment chief. 


Fred W. Argue, engineering manager 
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r TEST LOOP ENGINEERING AND CONSTRUCTION 
BURNOUT DETECTORS FOR HEAT TRANSFER TESTING 





BURNOUT DETECTOR HIGH-PRESSURE TEST LOOP 
A device to detect minute resistance chang A typical test loop engineered by Omega to obtain heat 
in test fuel el ts. Resp time to transfer and fluid flow characteristics of fuel elements. 
initiate trip signal 15 x 10~ sec. 
Omega Engineering has designed and supervised construction of a total of nine 
test loops for basic heat transfer research and reactor technology. We are 
capable of engineering and constructing test loops to meet any specialized nu- 
clear application. 








—Write For Additional Information— 


OMEGA ENGINEERING CO. 


70 EAST 45TH STREET NEW YORK 17, N.Y. 























YEW 1959 MARKET & MEDIA FILE! 


If you sell to the $3 billion nucleonics industry, you'll want 
a free copy of NUCLEONICS MARKET MEDIA FILE. 


DOLLAR VOLUME and MARKET POTENTIALS 


The 1959 NUCLEONICS MARKET & MEDIA 
FILE gives the answers in 8 fact-packed pages 
that you will refer to time and again throughout 
the year. 


What are the prospects for: 
Nuclear Reactors 

Reactor Components 
Radiation 


Export Business Send for your free copy today. 


NUCLEONICS 
A McGRAW-HILL PUBLICATION 
330 W. 42nd Street, New York 36, N. Y. 
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AIRBORNE-CARBORNE 
SCINTILLATION COUNTER 


Model ACS-101 


Applications include: 

e Large-area contamination 
surveys 

¢ Geologic mapping 

¢ Exploration for radioactive 


minerals 
Features: 
¢ Ratemeter sensitivity: 10 mil- 
livolts 
e Pulse-pair resolution: 2 micro- 
seconds 


¢ Linearity: 3% of full scale 


e Zero displacement: 0.5 and 1.0 
times full scale 


¢ Alarm system: 


¢ Detector: 5” x 4” or 5” x 2” 
sodium iodide (thallium 
activated) crystal 


Write for complete information 


BALL BROTHERS 
RESEARCH CORPORATION 


BOULDER, 
COLORADO 
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and vice-president of Stone & Webster 
Engineering, has been elected executive 
vice-president, with full responsibility 
for the coordination of all Stone & Web- 
ster activities handled through Boston. 


The Nuclear div., American Electron- 
ics, has shifted Phil Gintz from its 
Newark, N. J., branch office to Culver 
City, Calif., headquarters as chief of 
the Radiflo Test Service dept. Gintz 
is a former employee of AEC’s Licensing 
and Regulation div. 


Joseph F. Ferrante, controlled-fusion 
pioneer at Tobe Deutschmann Corp., 

has won promotion 
to vice-presidency 
F of the firm. “This 
| appointment is in 
particular recogni- 
tion of Ferrante’s 
achievements in the 
design and develop- 
ment of capacitors 
for thermonuclear 
research,” the com- 
pany chairman declared. Ferrante- 
designed capacitors are used in 
“Scylla,’’ one of the U.S. experimental 
machines. 





Ferrante 


Two nuclear scientists have won awards | 
for their work. John E. Willard, grad- 
uate dean at the Univ. of Wisconsin, 
was given the American Chemical 
Society award of $1,000 for Nuclear 
Applications in Chemistry. D. R. 
Shoults, general manager of GE’s Air-| 
craft Nuclear Propulsion dept., was | 
named ‘Engineer-Scientist of the| 
Year” by the Cincinnati Technical and | 
Scientific Societies Council. | 





John W. (Bill) Pocock has been elected 
chairman of the executive committee | 
and chief executive officer at Booz, | 
Allen Applied Research, Inc. 


Titus LeClair, manager of research and 
development at Commonwealth Edi- 

: son Co., has been 
elected board chair- 
man of Internuclear 
Co. LeClair di- 
rects the Dresden 
project for Com- 
monwealth. He 
has also served as 
an adviser to both 
AEC and Congress 
and as a president 
or vice-president of the American Nu- 
clear Society, Engineers Joint Council, 
American Institute of Electrical Engi- 
neers and Western Society of Engineers. 


LeClair 








FOR 
SHIELDING 


EVERY 
HAZARD! 


You should check with Ray Proof 
Corp. the designers and 
originators of the very finest 
in structural shielding. 


Ray Proof designed 
and originated 


© High density concrete ¢ Hot cell 
shielding components e Shielded 
containers ¢ Shielded screens 

® Shielded room panels (metal face) 

e Fume hoods ¢ Radiation absorbers, 
















































































WHATEVER YOUR NEED 
FOR SHIELDING: 

Be it X-ray protection for 
medical, industrial or quality 
control. Or radiation shielding 
for nuclear, thermo nuclear, 
neutrons. Ray Proof, with 

30 years of experience devoted 
exclusively to the field of 
radiation shielding, has either 
already designed what you 
need, or has the most 
experienced and qualified 
designers to do so. 


FOR FURTHER INFORMATION, WRITE 





RAY PROOF CORPORATION 


STAMFORD, CONNECTICUT 
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— 


FILM BADGE 


Personnel 





Radiation Dosimeter 





Mfg. by 


A. M. SAMPLES MACHINE CO. 
208 Tazewell Pike 
Knoxville 18, Tennessee 














PROFESSIONAL 
SERVICES 


er 
} 





ASTRA, Inc. 
For Your Atomic Energy Problems 


Designs, Radiation Shielding Design 


Planning, Health Physics. 


VAnce 8-4386 CABLE: **ASTRA"* 


Nuclear Analyses. Reactor Fpesitentions and 


ysis, Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Analysis, Facilities 


P. O. Box 226 Raleigh, North Carolina 








FRANKLIN ENGINEERING 


Physicists, Engineers 
Plans, specifications, investigations, reports. 
Consultants in design of rese: 
facilities and special equipment. 
Power distribution, Control, High Voltage 
Emergency power, Nuclear shielding 


Phone Davenport 1-4114 


977 Commercial Street Palo Alto, California 








INTERNUCLEAR COMPANY 


Nuclear consultants, engineers, and designers 
Economics of Nuclear Power, Reacto: 


r Analysis 
and Design, Shielding, Special ‘Applications 
Clayton 5 Missouri 








You Can..cceee 


make quick, effective monthly contact 
with the key men in the field of nuclear 
science through an inexpensive card here 
in the Professional Service Section 


NUCLEONICS 
330 W. 42nd St. N. Y. 18, N. Y. 
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NUCLEAR CALENDAR 


May 4-6—1959 Southern Metals Confer- 
ence of American Society for Metals, 
Savannah River Laboratory, Aiken, 
S. C. Several nuclear papers. Con- 
tact W. L. Worth, 567 Banks Mill Rd., 
S.E., Aiken. 


May 6-8—1959 Seventh Region Confer- 
ence and Electronics Exhibit of Insti- 
tute of Radio Engineers, Albuquerque 
(Univ. of New Mezxico). Topics in- 
clude thermonuclear research, instru- 
mentation for nuclear explosions. 
Contact Robert O. Belsheim, 2475 
Virginia Ave., N.W., Apt. 514, Wash- 
ington 7, D. C. 


May 14-15—Symposium on Nuclear 
Power, sponsored by Univ. of Ver- 
mont and American Institute of Elec- 
trical Engineers at Burlington, Vt. 
Contact AIEE, 33 W. 39th St., N. Y., 
a Y- 





Transmission Type 


Chemistry of Gases in conjunction 

with annual meeting of Radiation Re- & L U Oo R I M is T & be 
search Society, Pittsburgh (Penn- 
Sheraton). Contact E. L. Powers, Model 500 
Argonne National Laboratory, Box 


299, Lemont, IIl. 


May 18-19—Symposium on Radiation 


Applications include: 


June 1-3—Seminar on Radioactivation | e Urinalysis for uranium 
Analysis, Vienna. Contact A. I. 
Galagan, IAEA, United Nations, |e [Jrani 

. anlium assa 
N. Y., or IAEA, Vienna. . U y 





June 1-3—Seminar on Atomic Hazards, | * Control in processing 


sponsored by American Management | 

Assn., New York. Contact Course | Check these exclusive features: 
Registrar, AMA, 1515 Broadway, 
N.Y. |* High sensitivity 





June 8-11—American Rocket Society | | * Digital dial read-out 
semiannual meeting, San Diego. Ses- | 
sion on nuclear propulsion. Contact | : — 
Stan Gunn, Rocketdyne, 6633 Canoga | Excellent linearity 
> . . 
Park Ave., Canoga Park, Calif. | * High resolution 


June 9-11—Conference on Safeguards for | la 
Radioactive Materials at Canisius | 
College, Buffalo, N. Y. Co-sponsored | - 
by Canisius and N. Y. Dept. of Labor. Low background 


Contact Herman A. Szymanski, Cani- , ‘ 
sius, Buffalo. * Recessed calibration controls 


Self-contained and compact 


June 15-17—Annual meeting of the | ° Direct reading 
American Nuclear Society, Gatlin- 
burg, Tenn. Contact Octave J. Du- | * Damage proof galvanometer 
Temple, John Crerar Library, 86 E. 
Randolph St., Chicago 1. |* Regulated U-V source 


June 15-20—Congress on Nuclear Energy, 
sponsored by National Committee for 
Nuclear Research, Rome, Italy (Palace 


of the Congresses). Scheduled in con- BALL BROTHERS 


junction with 6th International Ex- 
hibition on Electronics and Atomic 

Energy in Rome, June 15-—July 5. RESEARCH CORPORATION 
Contact Evandro Benvenuti, via della 
Scrofa 14, Rome. 


Write for complete information 


BOULDER, 
June 18-20—Fourth Annual Meeting of 
Health Physics Society, Gatlinburg, COLORADO 
Tenn. Contact G. T. Saunders, 


Kewaunee Mfg. Co., Adrian, Mich. 








213 











ION CURRENT CHAMBERS 


Model NL-IC2G High Temperature Chamber uses metallized alumina ceramic in- 
sulation with all seals made with high temperature alloy. The collector is well 
guarded and the neutron sensitive inner chamber is hermetically sealed in its case in 
an atmosphere of dry nitrogen. Alumina insulated bulkhead connectors are an inte- 
gral part of the case. The rigid construction makes this unit highly shockproof and 


June 18-20—Society of Nuclear Medj- 
cine, Chicago (Palmer House). Paper 
abstracts due March 1 to Donald W, 
Petit, Univ. of Southern California, 
School of Medicine, 1200 N. State 8t., 
Los Angeles 33. 





the signal response to mechanical vibration is extremely low. While primarily de-| June 22-26—Annual Meeting, American 


signed for high temperature and 


| Society for Testing Materials, Atlantic 





marine use, the favorable dimen- 
sions and other characteristics of 
this chamber have caused a large 
demand for its use in other ap- 
plications. 





Specifications: 154” dia. x 22” long 
Sensitivity to neutrons—2.15 x 10-* amps/nv. 
Sensitivity to gammas——1.9x 10-" amps/R/hr. 
Signal to case leakage at 600° F. 10° ohms 
Signal to case capacity 30 micromicrofarads 


City. Symposium on reactors, rock- 
ets and missiles June 22. First of g 
series of forums on reactor-materials 
standards June 25. Contact ASTM, 
1916 Race St., Phila. 3. 





| 





Model BR Chamber is an ideal unit for zero | 
power level and research reactors because of | 
its high sensitivity. In a power application the | 
added efficiency of alpha collection permits it | 
to be used for an additional decade of range. 


| June 24-26—2nd Nuclear Instrumenta- 

| tion Symposium, Idaho Falls, Idaho. 
Contact H. 8S. Kindler, Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


June 25—Conference on AEC report lit- 
| erature for librarians in charge of AEC 
| depositories, Washington, D.C. Con- 





Model BR 





Specifications: 312” dia. x 842” long 

Sensitivity to neutrons—1.3 x 10-* amps/nv 
Sensitivity togammas—1.2x 10-° amps/R/hr. 
Signal to case capacity 35 micromicrofarads 


tact Technical Information Service, 
AEC, Washington 25. 


July 6-11—Seminar on Training of Spe- 
cialists in Peaceful Uses of Atomic 











NEUTRONICS LABORATORY 


neutron instrumentation 
Cable and Telegraph Address: NEUTLAB, Homewood, III. SYcamore 8-3700 
TINLEY PARK, ILL. (Chicago Suburb) 


Energy, Saclay, France. Contact 
A. I. Galagan, International Atomic 
Energy Agency, United Nations, N. Y., 
or IAEA, Vienna, Austria. 


July 17—9th Annual International Con- 

ference on High Energy Nuclear 
| Physics, International Union of Pure 
| and Applied Physics, Moscow. Con- 
| tact Robert E. Marshak, Univ. of 








WHERE 


i | | 


Featuring additional products, specialties and services for 
Atomic Power, Nuclear Engineering & Applied Radiation. 


Rates on request 


TO BUY 


hs, wail 


Rochester, Rochester, N. Y. 


Aug. 17-21—4th International Confer- 
ence on Ionization Phenomena in 
Gases, Uppsala, Sweden. Program 
includes high-temperature plasmas 
and controlled fusion. Abstracts due 
June 15 (350 words). Contact Ake 
Nilsson, Institute of Physics, Uppsala. 





RELIABLE 


P. O. Box 1885 


CAN you afford to be without— 


FILM BADGE SERVICE 


especially at our low, low rates? 


Readily adaptable to your requirements 
For Information— WRITE: 
NUCLEAR SERVICE LABORATORY 


“RADIATION SPECIALISTS” 


Knoxville, 1, Tenn. 


Sept. 7-12—Conference on Application 
of Large Radiation Sources in Indus- 
try, with emphasis on chemical proc- 
essing, Warsaw, Poland. Contact 
A. I. Galagan, IAEA, United Nations, 
N. Y., or IAEA, Vienna. 


Sept. 14-19—International Conference 
on High Energy Accelerators and In- 
strumentation. Contact CERN Con- 
ference Secretariat, Geneva 23, Switz. 





Sept. 22-24—3rd Industrial Nuclear 











Larger Sizes Now Available 
Hi-D°® LEAD GLASS WINDOWS 


For use in steel, lead, and concrete walls. 
Send for Circular GS-7 
PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH © SEATTLE 8, WASH. 








MAGNETITE and ILMENITE 


Quatity Hicu-Densiry Sizep AND 
Grapep ConcreTz AGGREGATES FOR 
Nuciear SHIELDING 


Nuclear Shielding Supplies & Service, Inc. 
175 Main St. White Plains, N. Y. 
















THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 











Technology Conference on non- 
power applications of nuclear 
technology, cosponsored by Ar- 
mour Research Foundation and 
NUCLEONICS, Chicago (Morri- 
son). Contact Leonard Reiffel, 
ARF, 10 W. 35th St., Chicago 16, 
Ill. 








A Good Habit 


This Where To Buy Section supplements other 
advertising in this issue with additional an- 
nouncements of products and materials of 
a interest and application in the nuclear 
eld. Make a habit of checking this page each 


issue. 





Sept. 28-Oct. 1—National Power Con- 
ference, cosponsored by American 
Society of Mechanical Engineers and 
American Institute of Electrical Engi- 
neers, Kansas City (Muehlebach). 
Contact ASME or AIEE, 33 W. 39th 
M:N. Ti. 0.-Y. 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment a mg 
—executive, management, technical, selling, office, skilled, ape 
Positions Vacant Civil Service Opportunities Employment Agenci 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 








DISPLAYED ———RATES-—_— UNDISPLAYED 
The advertising rate is $21.83 per inch for all $2.10 per line, minimum 3 lines. To figure 
advertising appearing on other than a con- payment count 5 average words as a line. 
tract basis. Contract rates quoted on re- Position Wanted ads are } of above rate. 
quest. Box Numbers—counts as 1 line. 


An advertising inch is measured }” vertically 
on a column—2 columns—30 inches to a 


Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 


Subject to Agency Commission. Not subject to Agency Commission. 
Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 














NUCLEAR FUEL RESEARCH 


Expanding Metallurgical Laboratory Requires: 
GROUP LEADER CERAMIC ENGINEERS 


* R&D exp. in nuclear & fabrication | R&D work on ceramic fuel elements 
| metallurgy. Supervisory exp. desirable. | and nuclear reactor components. Nu- 
Ph.D. preferred, but BS or MS, with | clear experience desirable. 

suitable experience, acceptable. 




















METALLURGICAL ENGINEERS CHEMISTS & CHEMICAL ENGRS. 
Experience in metallurgical research, | Experience in nuclear technology de- 
particularly nuclear desirable. sirable. 







¢ © Large Progressive Company 
® © Desirable New England Location 
PLACEMENT FEE & RELOCATION EXPENSES PAID 
Send resume @& salary requirement in duplicate, or telephone in confidence: 
R. H. HOWLAND 


BOOTH & BAYLISS PERSONNEL SERVICE 
427 State St., Bridgeport, Conn Phone: EDison 5-5877 

















ATOMIC ° PERSONNEL, inc. 











A PLACEMENT SERVICE 

dedicated to people in the NUCLEAR 
FIELD .. . wherever radioactivity is 
used or created. 
Our unique position in this field guar- 
antees you the most effective, yet com- 
pletely confidential handling of your 
placement problems. 


ATOMIC PERSONNEL’S national placement 
service is available to individuals at no charge. 





Send us your resume .. . or personnel requirements 


ATOMIC PERSONNEL, INC. 


1518 Walnut Street, Philadelphia 2, Pa. PEnnypacker 5-4908 
AN EMPLOYMENT AGENCY FOR THE NUCLEAR FIELD 








PHYSICISTS 
SENIOR NUCLEAR ENGINEERS 
NUCLEAR PHYSICISTS to lead and perform Core Design and 
Reactor Analysis 
SENIOR NUCLEAR ENGINEERS with project design experience 
on Boiling Water Reactors 
Excellent opportunities available in our Nuclear Design Department located 
on the San Francisco Peninsula of California. 
Please mail complete chronological experience record. 
Replies strictly confidential. 


ADVANCED TECHNOLOGY LABORATORIES 
AMERICAN-STANDARD 
369 Whisman Road © Mountain View, California 





Opportunities in Advanced 
Nuclear Development at 


The Knolls 
Atomic Power 
Laboratory 


Starting salaries to $12,000 


The Knolls Atomic Power Labora- 
tory invites inquiries for current 
openings on a number of advanced 
nuclear programs. Interested can- 
didates will find these positions 
offer excellent opportunities to 
contribute creatively toward the 
solution of challenging problems 
arising in the design of nuclear 
reactors and powerplants. 


If you have an appropriate degree 
and significant related experience, 
the Laboratory can offer immedi- 
ate placement in these fields: 


Theoretical reactor physics 
Experimental reactor physics 


Advanced numerical analysis (PhD 
required) 

Advanced engineering mathematics 
(PhD required) 

Mathematical analysis and com- 
puter programming 

Powerplant design analysis 
Reactor design analysis 

Nuclear materials application 


Metallurgical specifications and 
standards 


Process develop gy 
Materials irradiations experiments 
Welding metallurgy 

Mechanical metallurgy 
Metallurgical experiment analysis 
and evaluation 


Reactor materials development 
Powerplant performance evaluation 
Reactor instrumentation 

Reactor service equipment 
Powerplant instrumentation 

Reactor materials surface chemistry 


Analytical chemistry, physicochem- 
ical measurements 





(U.S. citizenship required) 


To expedite your inquiry, forward 
one or more copies of your re- 
sume, including salary require- 
ment. Please also state your par- 
ticular job interests. Address Mr. 
A. J. Scipione, Dept. 48-MEA. 


Knolls Almmic Power Laboraiory 


OremaTeD FOR AEC & 


GENERAL @@ ELECTRIC 


Schenectady, New York 
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EMPLOYMENT OPPORTUNITIES 








ATOMIC 
POWER DEVELOPMENT 








Design and development work in Detroit on Fast Breeder Reactors for 
use in generation of electric power. Supported by major industrial 
and utility companies. Openings for: 


FUEL FABRICATION SPECIALIST—Study problems and costs associated 
with fabrication of gamma and alpha active plutonium alloy, cermet 
and ceramic fuel elements. Approximately five years experience 
required. 


STRESS ANALYSIS SPECIALIST—Analyze problems associated with fast 
reactor fuel element design in regard to thermal, pressure and bowing 
stresses, Approximately five years experience required. 


REACTOR CORE DESIGNER—Design and analyze from thermal and 
flow standpoint fast reactor cores composed of alloy, cermet and 
ceramic type fuel subassemblies. Approximately five years experi- 
ence required. 


HEAT TRANSFER SPECIALIST—Analyze the complex heat transfer prob- 
lems associated with fast reactor core design and other areas which 
have high heat generation. PhD or equivalent experience required. 


HEAT TRANSFER ANALYST—Analyze heat transfer of power plant 
equipment; familiarity with insulation problems, gas cooling systems, 
steady state temperature and heat flow problems. Engineering grad- 
vate and approximately three years experience required. 


MECHANICAL DEVELOPMENT ENGINEER—Design and development 
of mechanical equipment from minimum specifications. Analysis of 
machine dynamics (stresses, power requirements, bearings, gearing, 
control and transient effects). Knowledge of reactor core material 
handling systems essential. Engineering graduate and approxi- 
mately five years experience required. 


CERAMIST—Study problems associated with cermet and ceramic fuel 
elements and problems associated with nonmetallic shielding and in- 
sulating materials. Approximately five years experience required. 


HEAD, CORE DESIGN SECTION—Supervise approximately ten engi- 
neers in the design and analysis of fast reactor core and blanket fuel 
elements from heat transfer, fluid flow and stress standpoint. Ap- 
proximately five to ten years experience required together with a 
Masters or PhD degree. 


Salaries commensurate with ability and experience. Mail resume of 
qualifications to: 


L. L. Knickerbocker 
ATOMIC POWER DEVELOPMENT 
ASSOCIATES, INC. 


1911 First Street 
Detroit 26, Michigan 


Health 
Physicist 


1S] Stel.) 





roy-4- 4:41 8) =i 


UNION CARBIDE 
NUCLEAR CO. 


... has an excellent career position avail- 
able at its new STERLING FOREST RESEARCH 
LABORATORY, Tuxedo, Orange County, New 
| York (45 miles northwest of NYC). 





We invite replies from trained personnel 
with up to 2 years of applicable experience 
—able to assume responsibility for a com- 
plete health physics and safety program. 


UNION CARBIDE NUCLEAR CO. 


P.O. Box 324, Tuxedo, New York 








Wanted: 


Editor for 
NUCLEONICS 





Engineer 
with working experience 
in reactor technology 


Send resume, salary 
“requirements to 


The Editor, NUCLEONICS 


330 West 42nd Street 
New York 36, New York 








ENGINEER EDITOR 


Able to assume major responsibility 
in planning, writing, editing, and 
coordinating proposals, reports, and 
engineering or science degree, and a 
writing background are required. 
This position has a high growth po- 
tential with an expanding firm. 
Send resumes to: 


AEROJET-GENERAL NUCLEONICS 





P.O. Box 77° 
San Ramon, California 
San Francisco Bay Area 














ELECTRONIC ENGINEERS 


| ALL EMPLOYMENT EXPENSES PAID 
SALARIES TO $20,000 
1. Inertial Guidance. 2, Ground Support. 3. 
|| Electrical Power Systems. 4. Test Procedures. 
5. Transistor Circuity. 6. Digital & Analog Com- 
puters. 7, Circuit Design. 8. Radar Airborne. 
9. UHF and VHF Communications, 10. Gy- 
FOSCOPIC, MONARCH PERSONNEL 
28 East Jackson Bivd., Chicago 4, Illinois 








STAFF ENGINEER 


SALARY $16,000 PER YEAR 
MS or PhD in Physics plus 8 or more years 
experience in theoretical physics, including 
Nuclear Energy, deformation of matter, radia- 
tion phenomena and wave mechanics. Com- 
pany client will assume all employment expense. 
ESQUIRE PERSONNEL INC. 
202 South State Street, Chicago 4, Ill. 
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EMPLOYMENT OPPORTUNITIES 





PHYSICISTS — NUCLEAR ENGINEERS 


ENGINEERS and 
SCIENTISTS 

who value 

the opportunity 

to do original work, 
are invited to inquire 
about positions 

at the right. 

Please include 
salary requirements 
with resume, 


5 areas 


where the 


physicist 


P(t ay 





ECTRIC’S AIRCRAFT NUCLEAR PROPULSION 













s of developing nuclear propulsion for aircraft and 
Apinge upon many areas of theoretical and_applied 
and must be carried on at a high level. 


ents of unusual scientific interest are now.open at General 
tric in: 
THEORETICAL INVESTIGATIONS 


Conduct theoretical investigations into areas of solid state physics with em- 
phasis on effects of neutrons and photons on matter. (PhD) 


RADIATION HAZARD STUDIES 


Develop experimental and theoretical approaches to evaluation and limita- 
tion of radiation hazard for personnel. (PhD or MS, BS with 5 years experi- 
ence Health Physics) 


INTEGRATION of NUCLEAR THEORY and EXPERIMENTAL TECHNIQUES 


Develop improvements in reactor theory and methods of reactor analysis. 
Combine advances in nuclear physics, transport theory and handling of large 
numerical problems on digital computers. (PhD, MS) 


ADVANCED and PRELIMINARY 
DESIGN STUDIES of HIGH PERFORMANCE REACTORS 


To identify and evaluate reactor types and configurations for future require- 
ments. Also REACTOR ANALYSIS and critical evaluation of existing and 
proposed reactor designs. Interpret results of mockup critical experiments. 
(PhD, MS, BS) 

NUCLEAR SHIELD PHYSICS 

A broad program requiring physicists and nuclear engineers, BS to PhD levels 
... Shield physics experiments to develop fundamental data 


... Shield design and analysis for both present and future nuclear propulsion 
systems 


... planning, design and analysis of shield tests of both partial and full-scale 
mockup configurations 


Write to: Mr. P. W. Christos, Div. 48-ME 
AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL ELECTRIC 


P.O. Box 132 Cincinnati 15, Ohio 


All scientists have the advantage of large-scale computing equipment at the site, as well as supporting programming personnel, 
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EMPLOYMENT OPPORTUNITIES 






New modern air conditioned facilities of Nuclear-Chicago 
at Des Plaines, Illinois. 


THE NUCLEAR INDUSTRY IS AT THE THRESH- 
OLD OF THE FUTURE. WHAT THAT FUTURE 
HOLDS DEPENDS ON MEN AND 


NUCLEAR PHYSICIST 


Ph.D. with experimental physics 
background and leaning toward in- 
strumentation to direct the physics 
group in the basic development of 
new ideas and to provide consulta- 
tion and physics support to entire 
technical program. 


The company policy encourages the growth of men and 
provides the proper environment for their growth. Responsible positions 
with opportunity for advancement now exist for persons with the above 
qualifications. We sincerely invite your inquiry. 


muclear-chicago 
4 235-A WEST ERIE STREET, CHICAGO 10, ILLINOIS = 
al = 


ees 


Please direct your inquiries to 





— 


= 





IDEAS 


ELECTRONIC ENGINEER 


Graduate engineer with one year or 
more experience. Must be capable 
of creative design of nuclear instru- 
mentation with vacuum tube or 
solid state components. Pulse-cir- 
cuit design experience desirable. 


ideas and 


=> 
— 
=> 
— 
= 


Technical Director. 





Nuclear 
Reactor 
Sales 
Engineer 


FOR MARKETING OF 
TRAINING AND RESEARCH REACTORS 
TO UNIVERSITIES. 
EDUCATION OR EXPERIENCE 
IN REACTOR PHYSICS 
AND ENGINEERING REQUIRED. 
MUST BE WILLING TO TRAVEL. 
PLEASE GIVE COMPLETE RESUME 
WITH REPLY. 


Personnel Office 
P. O. Box 608 
San Diego 12, California 


| 





ENGINEER—MANUFACTURING 
Specific experience in fabrication of aluminum 
plate type nuclear fuel elements. 

Bachelor or equivalent degree in mechanics, 
metallurgy or chemistry desirable but ot 
essential if sufficiently experienced. 

Location: Southeastern Massachusetts. 

Please include resume with first letter. 


P-1047 NUCLEONICS 


5 








| Wanted—Nuclear Physicist with Ph.D. 


Class. Adv. Div., P.O. Box 12, N. Y. 36, N. Y. 








ADDRESS BOX NO. REPLIES TO: Box No. 
Classified Adv. Div. of this publication. 
Sent to office nue, you. 
NEW YOR O. BOX 12 
CHICAGO ie 5530 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post St. 








POSITION VACANT 





for aca- 
demic position in radioisotope laboratory; 80% of 
time spent in research, remaining in teaching. 
Starting salary $10,130. 00. P- 1433, Nucleonics. 








JOIN THE STAFF 


of the magazine 


you're reading 


See Ad at Right 

















EDITORS 
WANTED 














for responsible, 
full-time 
positions on 


editorial staff 


of 
NUCLEONICS 


e Engineer @ 


with work experience in reactor 
technology. Challenging oppor- 
tunity to keep in close touch 


with entire nuclear power field. 


e@ Marketing Editor 


with work experience in the 
marketing problems of the nu- 
clear field. Real opportunity to 
develop statistical and market- 
ing services for the nuclear in- 


dustry. 


Send resume, salary 


requirements to 





The Editor 
NUCLEONICS 

330 W. 42nd St. 
New York 36, N.Y. 
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John A. Bistline, KAPL 
physicist, checks 
world’s first high-tem- 
perature nuclear test 
reactor. This Critical 
Assembly permits 
study of core config- 
urations at zero pow- 
er, pressures up to 
1250 psi, and temper- 
atures of 550° F. 


Se _ SS 


INI REACT CFR 
TECHNOL GSe TY 


al The Knolls Atomic Power Laboratory...in Critical Facilities 


IN OPERATION AT KAPL is the first nuclear 
reactor to combine the flexibility of a criti- 
cal assembly with the ability to duplicate 
the operating conditions encountered by a 
pressurized-water reactor. Called Proof 
Test Reactor (PTR), it was developed by 
KAPL scientists and engineers to eliminate 
the uncertainties of extrapolating data from 
experiments made at room temperature to 
predict the operating characteristics at 
power-reactor temperatures. 


EXPERIMENTAL PROGRAM 
KAPL physicists and engineers working 
with PTR are investigating the parameters 
of the many diverse factors, such as fuel 
load, temperature coefficients, and the scat- 
tering properties of metals, that are a func- 
tion of reactor temperatures ranging from 
100 to 550F. Expediting the acquisition of 
this data are special features of PTR, such 


So Fay = ee 


as those that make it possible to examine 
varied core configurations within 20 min- 
utes after the system has cooled to 120F. 


Information gained with PTR is used to 
confirm designs for nuclear naval propul- 
sion projects, such as the power plants for 
TRITON, the world’s largest submarine; 
and for the world’s first nuclear powered 
destroyer. 

VARIED PROFESSIONAL OPPORTUNITIES 
Experimentalists and theoreticians inter- 
ested in contributing to developments of like 
caliber in diversified areas of engineering, 
physics, and metallurgy related to nuclear 
propulsion are invited to inquire about cur- 
rent openings. U.S. citizenship required; 
advanced degree or related experience pre- 
ferred. Send confidential resume including 
salary requirement to: Mr. A. J. Scipione, 
Dept. 48-ME. 


OPERATED FOR A.E.C. BY 


Schenectady, New York 


aborilory 
GENERAL @@ ELECTRIC 


Physicist John A. Bistline, a 
graduate of Rollins College 
(1944), has specialized in High 
Temperature Critical Facilities 
at KAPL. He came here in 1948 
after receiving his MS in Phys- 
ics from Cornell. Previously he 
worked with the Metallurgical 
Laboratory, University of Chi- 
cago, and the Los Alamos Lab- 
oratory, University of Califor- 
nia. Mr. Bistline is now the 
physicist in charge of opera- 
tion of the Proof Test Reactor. 




















NUCLIDE ANALYSIS ASSOCIATES 


Is an entity founded by university mass spectroscopists 


of as a means of making available their pooled expe- 
MS rience. N.A.A. is engaged in the design and fabri- 
cation of custom mass spectrometers and mass 
spectographs and in spectrographic analysis. 


~~ 









ta 


MASS INSTRUMENTS IN PRODUCTION 
SPECTROSCOPES INCLUDE CUSTOM UNITS FOR: 
MASS ® REACTOR APPLICATIONS 
¢ HIGH TEMPERATURE CHEMISTRY 
SPECTROSCOPIC 
ANALYSIS ¢ CHEMICAL ANALYSIS OF SOLIDS 


¢ ISOTOPIC ANALYSIS 
* GEOLOGICAL AGE DETERMINATION 


¢ MICROTRACE ANALYSIS 





A VARIETY OF SPECIAL COMPONENTS 
ARE AVAILABLE INCLUDING: 

© ELECTRON MULTIPLIERS 

¢ |ON GAUGE CONTROLS 

© SPECTROMETER MAGNETS 






BOX 752 
STATE COLLEGE 





PENNSYLVANIA ¢ MAGNET REGULATORS 
U.S.A. eM S ANALYZER TUBES 
CUSTOM ANALYTICAL SERVICE 
\/ ® URANIUM ISOTOPES 
#f 4 ¢ ISOTOPE DILUTION 
Fa © STABLE ISOTOPE TRACERS 
































A sleeve, raised 
and lowered with- 
in @ nonmagnetic 
tube, attracts or 
releases an Alnico 
magnet attached ; 
to the mercury Sj 
(or dry contact) 
switch. Basically, 
this is Magnetrol. 


- AAA 
The operating principle 


behina MAGNETROL 
LIQUID LEVEL CONTROL 








Because its operating principle, based on the proper 
use of a permanent magnet, guarantees a perpetual 
guardianship over your critical liquid levels, the Mag- 

netrol liquid level control unobtrusively takes the most 
important place in any system or process where it is 

necessary to keep a liquid at a constant level. Principle and 
action are so simple that failure is virtually impossible. Mag- 
netrol is versatile, too—will handle almost ANY liquid,at ANY 
temperature, at ANY pressure, with the same precision and 
dependability. No mechanical or electrical linkages to stick, bind, 
ride out of line or wear out. Available for controlling level changes 
from %” to 150 ft. Multi-stage switching when desired. Write to 


MAGNETROL, Inc. , 2115 S. Marshall Bivd., Chicago 23, Illinois 
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CONTAMINATION 


DETECTION SYSTEMS 


LABLE F 










PORTAL 
“CHECK-OUT” 
MONITORS 





Convenient, complete uninter- 
rupted “head-to-toe” b, ¥ 
monitored exiting. Effective 
; rapid portal monitor offers 
eight individual alarm channels. Complete with 
long-lived, thin-walled Anton halogen quenched 
Stainless steel detectors. 


AIR PARTICLE MONITORS 


SOCHCSSSSSSSSSSSSSSHSSSSSHSSHSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSESSEEESSEEEE 


PRECISION 
LABORATORY 


HAND AND FOOT RATEMETER 


MONITORS 


For a, b, vy detection and 
measurement. Equipped with 
scaler or ratemeter read-out. 
Auxiliary probes available. In- 
corporate long-lived, Anton 
halogen quenched stainless 
steel counters. 





Newest version of the 

first commercially avail- 
able log-linear ratemeter. The 229 Series sets 
the standard for precision count rate measure- 
ments in the research, medical and industrial 
fields. Six linear scales—one log scale—integral 
highly regulated power supply—other unique fea- 
tures. Favorably priced—can be used with scintil- 
lation, halogen or organic counters. Recorder 
jack included. Ideal for chromatogram analysis. 


sf 


ALPHA, BETA, GAMMA AND NEUTRON DETECTORS 


More than 100 types of detectors covering the entire range of nuclear radiation... unique 
configuration and ‘‘special application’’ devices. The Anton Neutron Detector Catalog and the 
Anton a, b, 7 Detector Catalog belongs in your radiation facility reference file. 
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YES ... send complete data on: 


[] Air Particle Monitors T] Hand and Foot Counters C] a, b, y Detector Tubes 


C] Portal Monitor 


C] Precision Ratemeters [] Neutron Detectors 


Company............... 


Ces ; 









ANTON ELECTRONIC LABORATORIES, INC. 


A subsidiary of United States Hoffman Machinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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. 2 Peerless has had a separate research Bia 

"g_and development group working on 
pumps for high temperatures and pres- 
sures since 1950. Out of this group 


have come pumps for atomic powered This limited leakage pump for an 
Atomic Laboratory is shown above un- 


dergoing fiftal high temperature seal 





This Peerless Pump is installed at the 
Vallecitos Atomic Plant on the first 
forced circulation dual cycle boiling 
water reactor ever built. 


PROVEN PUMPS 


Recognizing the need for spe- 
cial pump equipment for nu- 
clear and related equipment, 
Peerless long ago set up a 
special development and pro- 
duction group. Drawing on 
thirty-five years of experi- 
ence, this group has engi- 
neered a number of pumping 
elements for the extremely 


submarines, reactors, steam generators. 





tests. Parts in contact with pumpage 











are all of 304 stainless steel. 


Peerless has created a group 
of facilities among the most 
modern in the pump indus- 
try. This wealth of knowl- 
edge and facilities is at your 
immediate disposal. Write 
Peerless today for assistance 
on your pump requirements. 
Send for Facilities Brochure PR-2. 





FOR THE NUCLEAR AGE 


Pn 
PUMPS FOR NUCLEAR 
REALTOR SYSTEMS 
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MODEL 49-21 


MODEL 49-2 


Now—the most complete line of scal- 
ers ever offered by any manufacturer. 
The units shown are just a few of the 
more than thirty different scalers 
manufactured by RIDL. From conven- 
tional vacuum tube units to completely 
transistorized models —from simple 
utility scalers to fully automated print- 
ing scaler systems, these are all 
STANDARD items, available in most 
cases from stock. 


Preset Count Scalers 

Preset Time Scalers 

Time Scalers 

Printing Scalers 

Dual Scalers 

Triple Scalers 

1 Millivolt Sensitivity Scalers 


Scalers with High Voltage 
Supplies 


These are just some of the features 
available in RIDL Scalers. 








MODEL 
49-15 





REMEMBER, whatever your scaler requirements may be, RIDL has the solu- 
tion. Our staff is always available to answer your inquiries. Write to De- 
partment SC for a copy of our new 48 page Scaler Catalog. 


ses GY 
Kadialion ~ nstrument 


Devel che y 
eve opment a voralory, ~/74IC. 


—— 


Representatives in major cities 


5737 S. Halsted St., Chicago 21, Ill. 


* TRiangle 3-2345 
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Economical Nuclear Power 


Will Come Only Through Experience 
HERE’S A SINGLE EXPERIENCED SOURCE FOR: 


STATIONARY STEAM GENERATING SYSTEMS - Example - 
Indian Point, Pressurized Water, Thorium Con- 
verter: Design and manufacture of nuclear 
system 


MARINE PROPULSION SYSTEMS « Example - 
N.S. Savannah: Design and manufacture of 
nuclear system 


MAJOR DEVELOPMENT PROJECT - Examples - 
Liquid Metal Fuel Reactor Experiment, Gas 
Suspension Study 


RESEARCH REACTORS ° Examples - 
Hamburg, Germany; Sao Paulo, Brazil 


MAJOR NUCLEAR COMPONENTS - 
Reactor Vessels » Examples + BR-3 
Yankee 
EBWR 
U.S. Navy 


Heat Exchangers * Examples « Shippingport 
SRE 
U.S. Navy 


Pressurizers * Examples « Yankee 
U.S. Navy 


FUEL ELEMENTS AND CORES - Examples - 
Materials Testing Reactor 
Engineering Test Reactor 

Research Reactors 
U.S. Navy 


These are but a few examples of the work done by B&W to help 
release the energy of the atom for useful power. For more infor- 
mation, please write for AEB-8, “B&W and Nuclear Power 
Development.” 


The Babcock & Wilcox Company, Atomic Energy Division, 161 
East 42nd Street, New York 17, N. Y. The Babcock & Wilcox 
Company, 343 Avenue Louise, Brussels 5, Belgium. 


THE BABCOCK & WILCOX COMPANY 


— 





ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development) 
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NUCLEONICS 


PRODUCTS 
AND 
SERVICES 
DIRECTORY 


The world’s most ambitious program for building 
nuclear power plants is béing undertaken by 
Euratom (France, Western Germany, Italy, Belgium, 
Netherlands and Luxembourg). The target is to 
build 14,000,000 kilowatts of capacity by 1965. 
The initial 1,000,000 kw will be erected in coopera- 
tion with the United States. 

In connection with the joint U. S.-Euratom program, 
Euratom officials expressed a need for a detailed 
directory of the capabilities of U. S. industry in 
supplying Euratom requirements. The U. S. Atomic 
Energy Commission requested NUCLEONICS to 
prepare such a directory, which appears on the 
following pages. 

Although the primary motivation for the prepara- 
tion of this directory was the interest of Euratom, the 
listings should have wide application for purchasers 
of nucleonic products within the U. S. and in other 
countries. 

The coverage of the directory is limited to those 
areas and those products and services that were 
recommended by AEC. Thus, there is omission of 
some products that have application in some phases 
of the nucleonics industry. Of course, all products 
used in the field will be covered in the regular 
November NUCLEONICS Buyers’ Guide. 

Every effort has been made to ensure complete- 
ness and accuracy according to information supplied 
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by the companies questionnaired. Each respondent 
was asked, as the basis for being listed, to supply 
literature as proof that the company was actually 
in the business indicated. 

Although quantitative data was requested for 
each product checked by a company, many firms 
merely stated “to specifications’’ or “‘all ranges 
covered." In all such cases, this information had 
to be deleted by NUCLEONICS and the columns left 
blank. 

In some cases, where ranges of operation were 
requested, companies listed several. To conserve 
space, the directory listings show only the minimum 
and maximum of the total range indicated by the 
companies. This does not necessarily mean that 
all points between the minimum and maximum are 
covered by the product in question. 

The detailed listings on pp. 226-264 describe the 
products and list the manufacturers. On pp. 261- 
264, there appears an alphabetical listing of all 
the firms covered by the directory, with their ad- 
dresses and the address of their representative in 
the Euratom. area. Companies that are advertisers 
in this issue are bold-faced in the alphabetical 
listing and page numbers of their advertisements 
shown. This makes it possible to obtain complete 
buying information on products, materials or services 
quickly and easily by referring to those pages. 
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COMPANY INDEX 


Companies included in Directory are listed aphabetically 
with their addresses plus names and addresses of Euratom 
representatives of these companies. The names and ad- 
dresses of advertisers in this issue that are not listed in the 


Directory are also included in the Index. For the con- 


ACF Industries, aes jeden 
Div., 508 Kenned .N. W 
D.C. » ate. Pg. = a 

Associa’ 


= g. 203) 
Adai dv. Bs. >». imc. y 
falo 5 N. 

Henri Barbs, H 


f Waki TD ll, 
Inc., Plainview, N. Y. 
, 475 _E. Park Dr., Buf- 
vd. 


ouile (S & O) France] 
Ado rp., . Cortland St., Chicago 


Advanced Instruments Inc., 47-N Kenneth St., 
Newton Highlan Mass [Ets Colombo, 
G. aa 5 oa a Rennes. France] 

Advanced Te Pe bs. Div., American 
Radiator & Standard Sanitary op. OOO 
Whisman Rd., Mountain 4 if. (adv. 


ankic-eneral Corp., O. Box 77, San 
Ramon, Calif. (adv. ps. ‘ig 

Aeronutronic Systems, 1234 Air Way, Glen- 
dale, Calif. 

Aerotec Corp., Nuclear Controls Dept., Comly 
Ave., Greenwich, Conn. 

Airborne Instruments Lab. Div., Cutler-Ham- 
=, Inc., 160 Old Country Rd., Mineola, 


Airmatic Valve Inc., 7313 Associate Ave., Cleve- 
land 9, Ohio 

Air-Maze Cor ., 25000 Miles Rd., Cleveland, 
Ohio. [Air-Maze Ltd., Warrington, England 

Alco Products, Inc. Nuclear Pro Projects, Pa , 
Schenectady 5, N a: [Hum & 
i Humglas H Pl., Lon 


. 1, England (ads ‘6 
Alleghe eny iolen , fade 1 Corp. = 


ver " 2 Pa. [Airco Airco Co., 
vee elds FS E Ped bee New Yack 17° 
N. ¥.] (adv. pg. 8 


Allied, Control Co ., Inc., 2 East End Ave., New 
Yor! 
Allied Eee incerin & Progestin Corp., 242 


Blanding Ave., Alameda, C 
Allied Lead Construction, ‘Con, 6836 S. South 
Chicago Ave., Chicago, Ill. 
Allied Research Assoc., = 43 Leon St., Bos- 
Alle Chalmers Mf Co., ic Energy Di 
is- ers g- Vey 
O. Box 512, Siieckes ic Wis. [Allis- 
Shion pis. *Co., 2 Rue Paul Cezanne 


? 
Paris 8e, France] (adv. pg. 66, 67 
Alor Steel Produces Co., 1 1306 W. Elizabeth 
Ave., Linden, N. J. 
Mista Uetenieed, “Ync., 21-10 43rd Ave., Long 
nd = mg 7 » A 
tainless, Cg 40 Rugg Rd., Alliston 34, 


Al “4 Metals Inc., 57 Water St., Jersey City 
2, N. Claude J. Varnier. te Fran- 
caise p; jamant, 52 Rue Lafayette, Paris 


(TXe), — 
Nuclear Products Div., Route 


Ameray Co 
46, Kenvil, PN. J 

American, — be. ., 414 Meadow St., Water- 

onn. 

American Electronic Lghe. ., Inc., 121 N. Seventh 
St., Philadelphia £:. 

American Hollow Boring Co., 1069 W. 20 St., 
Erie, Pa. (adv. pg. 1 

American yy ee Inc., 8030 Georgia 
Ave., Silver S —» ~~ 

ae nb. achine Co., Cincinnati 12, 

American Lava Corp. Div., Minnesota Mining 
& Mfg. Co., Chattanooga 5, Tenn. 

wae Inc., 500 Fifth fve-s 

New York 36, [Anglo’ Metal, Co. 

31-45 Gresham %., Yi onder EG. 2 Biglanl 

American tical Co., 28 gy St uth- 
bridge [Georges Jerome, 71 6 Rue An- 
toine bbeabeert, Bruxelles, Be a 

American Potash & Chemica! Corp., 3030 W. 
Sixth St., Los Angeles 54, Calif. 

American Radiator c. Standard Sanitary Corp., 
Atomic Eaossy. Div., 1682 Broadway, Red- 
wood City lif. 


American Silver’ Co., 36-07 Prince St., Flushing 


54, N. 
American \ieadair Corp., Sub. Ekco Electronics 
i. aPhe 30th St., Long Island City 6, 
ique Industrielle, Rue Rovensten, 
Drumiles * Belgium] (adv. Rik ” 136) 5 
Am; x Electronic Corp y Ave., Hicks- 
ene Y. (adv. pg. pong ~ 
AMF Atomics Ry , a Machine & 
Foun 40 Greenwich Ave. ‘yo 
Conn. [AMF Hak, Via Lazio No. 9 9, 


Ital d 
tac ts %0 Pe, 88 25 ene New York 4, 
Inc., 966 Meeker Ave., 


me. RS Metal . 
wy: 22, 4 
Andel ¢.o. ; 3 a 5218 N. Kedzie Ave., Chi- 
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Anderson Valve Works, 9th & Adams 08 


Marion, ing ps we Aude 
iv. Corp., 
S. Vail as az “Montebello, Calif. 
4 Electronic Labs., dnc 1226.38 ~ 
Pea, $7, N, Y. X, (Gay, pg. 221) 
Applicd Ph Pe Gore Peck Rd., Mon- 
adv. 


mii Ravliaen ts 2404 N. Main St., 


alnut “ae. Ss Pearl S 
“Se ulder, Colo. io OVA S “ay Milan, Italy] 


nberg Ultrasonic Lab., Inc., 94 Green St., 


NTamaica Line 
gt Co., Inc., 63 Pond St., 
Waltham 3, Mass. 
ted Nucleonics Inc., Stewart Ave., 
Garden Gi » ¥. (Stone. & We Wetetes an 


Ave. 
bers, France (adv. oe 
Inc., ak ar. or N. C. 
ere Vale Co., Inc., 545 W. Abbott St., 
Indianapolis, Ind. Honeywell, S-A., 17 place 
des Martyrs, Bruxe 7 Bs Igiuma) 


Atlas Valve Co., Newark 5, N. J. 
Atomation, Inc., _ ee &. ier St., Los An 


geles 
Atomic Accessories, 2% 244-04 Jamaica Ave., 
Bellerose 26 [Rohde & Schwarz Ver- 


treibs, Gah, Niabobucmee Ring 212, Cologne, 


of Canada, Ltd., Commercial 
Seoteas Div., Box 93, Ottawa, ‘Canada (adv. 


International Div., ann American 
P. bs Box 309, Canoga Park, 


Babcock & Wiest Oo. 161 East 42nd St., New 

York 7, N. [Babcock & Wilcox Co., 
0,5 geiee, | ae , Belgium] (adv. pg. 
na Meter Co., 1050 Ivanhoe Rd., Cleveland 
, Ohio [Costruzioni Ellettroniche e Automa- 


la Prarie, Gand, Belgium 

Ball Bro ustrial Park, 
Boulder, Colo. (adv. 12, 213) 

Barnes Co., W. F. & John, 350 S. Water St., 
Rockford. (adv. pg. 

Barns and S$ 


tead. Co., 
Terrace, Boston 31, Mass. (adv. pg. 210) 
Benker © Products, Inc., 319-S5eh Be: Brooklyn 


Bausch & Tomb tical Co., 63059 St. Paul St., 


ow 3 
Bechtel Corp, Bo Bush St., San Francisco 4, 


uipment Div., Bogue Electric 
ennsylvania "Ave. ., Paterson, 
Belmont ye 


R Works, Inc., 332 
Belmont Ave. B ss Brootiya TAN Y ee 
Bendix Avia 74 128 Fisher Bie, De: 


= 2 Mich. Societe Aonyune 
ue Al "Sik, ee umas, eae inde 
c. 130, 140, 141 


Aviation Cincinnati Div., 3131 
~~, Rd., Cincinnati 8, Ohio (adv. pg. 


130 

maa Inc., F. W., Park Place E., Wood 
i 
one ratory, Inc., 22 Parker Ave., Trenton 


N. 
B- i F industries, fac, 530-D Harris Ave., Provi- 
dence 1, M(Petrochemie, 127 Rue de 


Belco Industrial 
Mfg. Co., 100 


Rome, Paris 7 onl 

a | <— LY 3. 12 7 S. 32nd St., Rich- 
mond, 

Bishop & Co., Platinum Works, Malvern, Pa. 

Black, Sivalis & 'B -—, Inc., 7500 E. 12th St., 
Kansas City 26, Eastman International, 
—_. Raster trasse 34, Hannover, 


a teen Co., Copes-Vulcan Div. 
26th St., Erie, Pa. [Societe des des Condenseurs 





venience of users of this Directory who may want additional 
information about products and services listed, the names 
of all advertisers in this issue are boldfaced in the Index, 
along with the page numbers of their advertisements. 


ge Kleber Ave., Paris, France] (adv. 
ikkman, 


Bi Joe. S., 7900 Ave., Wee 
Blonder dex ong “J: Lab tae I Dept. N-5, 9 Alling 
— 2, Gechems Export Corp., 


383 Be roadwa’ b New! yon 13, Ra 
» 611 Marion Rd 


peel 
Ohio (adv. . 173 
Booz-Allen App lied 
bay Rd. omnworte. Ill. 


Columbus 7, 
arch, “iy 430 Green- 


Bram am Metall ha Se Pe Co., 820-65th Ave., 

m., » tLe Inc., 37 Brown House 

, Ss ord, Conn, [R. S. Stokvis, Rotter- 
dam, Netherlands} 

Branson Ultrasonic rp., 1 Brown House Rd., 
S , Co R. S. Stokvis & Zonen 
N. V. seht Heuna etherlands) 

Begun Knee ., Glass Engineering 


30'G St., Bridgeport 
soy Ss. Eodone Corso Matteotti, 
Vv. '. 
BS a bos i? , NBG, Waterbury 
adv. 
x Conn (a. ng. O. Box 432, Lans- 


ms Pa. — Fusield, Groeningstraat 7C, 
terdam, Neth —— 
Bruce Electric Mf Mig. Go 5100 N. Ravenswood, 
Il. “(Diethelm & Co., Zur- 
ich, “Switzer 


+ 
Brush, Be ium 4 4301 Perkins Ave., Cleve- 
Burke ames Inc., 321 S. Wabash, Chicago, 
ti ol pg. 146 
& Roe, Inc., 160 W. Broadway, New 
York 13, N. Y. 


Ww. Controller Corp., 2200 E. Maple Rd., 


oe 

Byrne Associates, I ecioes Safety Div., 50 
Broadway, New York 4, N. ¥. 

Byron Jackson Inc. op ai Bo Yemner 


Pu, A Os, Box ox 217A, Te o 
Angele ts. aaney’ 
gt sg & 1 pee 


Caltron Frade 6 Co., 3518 W. Pico Blvd., Los 
Angeles 1 
Cambridge — 2 Industrial Park, Lowell, 


Cambri Instrument Co. 3107, Guat 
a. Terminal. Rew Work i 17, N i 
Lon Box te AE (adv. Pe. 


Coshotne Crmpeny, 32-P Healey Industrial Ct., 


St. Louis, Mo. tase. (adv. ps. 7) 
Carborundum M Div., The Carborun- 
dum Co. 2 2 ae N. Y. 
Inc., G. O., 138 Marshalton Rd., 


Thorndale, Pa. a. (adv. 71), 
a Go., 1528 Walnut St. 
Philadelphia pin ay [Harmon J. Monnik, 4 








_ de -Preau, Rueil-Malmaison (S & ’O) 
Catal c Lab., Inc., Red Wing, Minn. 
|.) » in- 
tal, Germany] (adv. pg. 17 
Cass de Pasco Sales lg Park Ave., 
New York 22, N. Ge 
Charleston Ru ae Stark Industrial Park, 
leston, S. . (adv. pg. 61) 





Char Ss 

Chase Brass & Coy pper Co., Inc., 236 Grand St., 
Waterb 

Chatham , 1 -y Div., Tung-Sol Electric, 
ae 630 W. Mount Pleasant Ave., Livingston, 


Chemical Process Co., Redwood City, Calif. 
Chem-Pure Service Co., 762 Industrial Rd., San 
Carlos, Calif. [Eimco Italia, S.P.A., Via Se- 
one 11, Milan , 
go Bridge 1305 W. 105th St., 
ar 9 Hg * (ady oe Cong) 
Clark fg. 38th St., Cleveland 


14, Ohi 
Cleveland "Hard rote "PF Ave., 


fs btee 
1a Mongar Se Son &, Cai 


oats Pt ational Corp., 70 Memorial Dr., 





Cambridge 42, Mass. 
Combustion Engineering tee = Pay 
Ave., New York 16, N. (ant . Gron- 
Bs Be Lummus, ae rue de Rivoli, 


beck, S. 
Paris 1, 
Cumeabe "Filters Corp., 2 Main St., Melrose 


Plastic Div., U. S. Stone- 
ree St., Conneaut, Ohio 
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ware Co., 








Crpeliew Cup. -» 2100 Arch een 
~ r. M. Ti 
3, a feat e ye aceiphia 5. 


mally 
Consolidated -» 14 Durant eH 
Bethel, ay ro a . $1 
Consolidated Elect: namics 
Sierra Madre Villa, Pasadena Oat | Con: 
solidated Elec ics, Gmbh, Weissfrau- 
enstrasse 3, Frank ‘urt/Main, Germany) 
Consolidated Reactive Metals, Inc., 43 46th 
St., New York 36, N. Y. 
Consul a? Bureau, Inc., 227 W. 17th St., New 
or 
Controlled Atmosphere Easioosres ate Co., 
1061 E. 8th St., ay ge 
Controls for Radiation, Inc. 130 Ali Brook 
Pkwy. Cans ridge lass. [Dr. rles 
Hemelrike se Godot de Neate, Paris 9, 
France} Gas. c.. 197) 
Cook Electric Co., is ag | Div., 2700 South- 
a Ave., nee | Jonas Aircraft & 
Arms Co., Inc., 120 ‘wall t., New York 5, 


N. Y¥. 
Cooper a Corp., Bloy St. & Ramsey Ave., 
Hillside 5, N. J. 








liside 5, 
Metallurgical Assoc., Box 3991, Cleve- 
hio (adv, pg. 7) 
oor hit Blueprint Microfilm Corp 
1 Wilson Blvd., Aciesten 1. Va. (adv. PE. 


“Mass Corp., 334 Park Ave., Wor- 
ma lass Works, Corning, N. Y. (adv. pg. 
Crane Co., 836 S. Michigan Ave., Chicago 5, 

Ill. (adv. 


80) 
Croll- a nolds Revigewing Co., 17 John St., 
New York 
Crosby Wilner 4 ns e Co., 43 Kendrick St. 
rentham, Mass. 32 a 43 
rue de Valenciennes, * Lille (Nord) France 
Crossroads Marine Disposal orp., 26T Wharf, 


uate 
cester, 


Boston, Mass. 

Cuno Engineering Corp., 80 S. Vine St., Meri- 
den, Conn. 

Curtiss-Wri Corp., DSustcone, 


t 
rt, Schipol Airport big is, 
xP ethene (adv. pg. 188 j 


Dage bag ng Div. ee Thompson Ramo Wool- 
drid idge_Inc., & Sheridan, Michigan City, 
Ind. [Rocke International Corp., 13 E. 40th 
St., New nag gw 

Dahl Co. Inc., ” Tupelo St., Bristol, R. I. 
P Rue de Rome, Paris 
. France] — 

pion anion! Div. W. R. Grace Co., P. O. 
Box 2 218, Tenn. (adv. pg. 7 

Del Electronics sig Bg 521 Beaticed Ave., Mt. 
Vernon 

— ing ineering Div., American Brake Shoe 

1160 Dublin Rd., Columbus 16, Ohio 
fiijdrobel S.A., i 
oe Belgium] 

el Inc., Control Systems Div., 
Dee Lane West, dwell, 
opeeet Power Specialty Corp. ke 


Dietz "Co. Inc., Beary | G., 12-16 Astoria Blvd., 


Long Island Gity 2 

Division Lead 4743 W. 6lst PL, Summit, 

Dow Chemical Co., Midland 

Driver Co., Wilbur B., 1 isis MeCarter Hwy., 
Newark 4,N N. + 

DuMont Labs., ws Allen B., 750 Bloomfield 
Ave., Clifton, x fi ng. James Segre, Corso 
Venezia 51 iiland, ta 


Quai Vercour, Sclessin- 


Lancaster, 


Dunham-Bush, Inc., 79 South St., West Hart- 
ford 10, Conn. 

du Pont ‘de — & Co., Inc., E.I., Wil- 
mington 98, De 


Eastern Industries, Inc., 100 Skiff St., Hamden, 


Conn. 
a Kodak Oo.. 343 State St., Rochester 
4, N. Y. (adv. ‘| 
Eaton-Dikeman Mount Holl Springs, Pa. 
, Inc., 2 Rector New York 
$ N. 2 ie, Preakel,. 1 Ane. thecke, Parks 
rance] (adv. pg. 
Eder Instrument . Inc., 2293 N. Clybourn 
Ave., Chicago 14 
Edgerton, Germes aati & Gekee, Inc., 160 
kline Ave., Boston 15, Mas 
Edison Industries, Thomas A., 40 Lateside Ave., 


West Or 
Edlow Dest Go sho Bank St., Columbus 16, 
Elder to Electronics, 2821 Tenth St., Berkeley 


10, Calif. (adv. pe. 18) 
Elise Sted Founiry Co, 26S W. 25th 
+4 


Electro Data + ™ Burroughs 
Ma or, 4 ps. 40, 


) 
Electronic Terenas Corp., 436 Bryant St., San 
Francisco 7, Calif. 
Elgin Softener Corp., 179 N. Grove Ave., Elgin, 
ll. [Amand — Blvd. de Diest 41, 


one. J Belgium 
= = et W. Adams St., Forest Park, 
Engelhard Tedostrics, Inc., 113 Astor St., 
war 
Ereona bs NJ. tific . Div., 16 W. 
9 York 36, N 
262 


ton 31, N. Y. 
oe Vonk, “NL Y. 


ucts, Inc., 52 W. Jackson Bivd., 


Ex.Cel Gal. Corp, i iar 2, Mich. (adv. pg. 


Fairchild Camera & 


Ethyl Corps, 108 Park ‘Aves 


nin Vv. 


protest Corp., Defense 


Products_Div., Robbins Lan Syosset, N. Y. 
Falstrom 7 Falstro Passaic, N. J 
Fansteel Metall yh) North Chbngo, 

Ill. “a rai Sham 39 
Farrel-Birmingham Co., Inc., Ansonia, fu. 
Federal "Electric Corp., ITT soomes O aniza- 


Paramus 
American bcd & 
Refiping Co., gt New York 5, 


Fenn Lag. ay » ( Co., > os Fenn Rd., New- 
ington, adv. 

Fenwal Inc. ., Pleasant E Ashland 

Ferguson Co., hg at 4 i-%* Cleve- 
land 14, Ohi 

Firth Sterling, "lec. 3113 Forbes St., 

Fisher & Porter Co., 50 

ischer & Porter, Gmbh, Gr. *Eller- 


tion, 621 pease ve. 
Federated Metals 





Pittsburgh 
Warminster Rd., Hat- 


boro, Pa. [F: 
shausen B., Goettingen, Germany] 
Fish-Schuman yor. be 75 Portman Rd., New 
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Trane La Crosse, Wisc. [Jimo, S.A., 
Avenue Louise 60, Brussels, Belgium) 
TRG, Inc., 2 Aerial Way, Syosset, » ys 
RIL, 135 Liberty St., "New York 6, N.Y. 
(adv. pg. 74) 
Trilmount Instrument Co., 3119 W. Lake St., 
Chicago 12, Ill. 
Trinity Equi om Corp., P. O. Box 1172, 
Cortlan 
Trion, = 1000 Island Ave., McKees Rocks, 
Pa. [Mr. Gunter Jucho-Trion A.G., Dort- 
munder Bruckenbau, W. Come 
. (adv. pg. 


™ Methods, Inc., Bridgeport, Pa 
Tullamore Riectwenies least 6055 S. Ashland 
Ave., Chicago 36, 
” 6135 S. Central Ave., 


Turco Products, tne 
Los Angeles 1, ae Eendrachtsweg 


$7, Rotterdam, Nallan 


Ue mg Pe! Co., Div. of Union Car- 
Fifth Ave., New York 17, 

"Pal .. Dept., Union Carbide 

.A., 40 Rue du Rhone, Geneva, 

Switzerland| (adv. pg. 133) 

Union Carbi Weslees 30 East stad St., 
New York 17, N. [Nuclear wane Union 
Carbide Europa, sa. 40 Rue ” Rhone, 
Geneva, Switzerlan 

Uap a" nics Sxp. -» 111 Penn St., Quincy 

United Carbon Products Co., Inc., P. O. Box 
747-A, Bay City, Mich. 

i Shoe we ey A Atomic Power 
Dept. _— St., rly, Mass. [British 
United § hoe Machinery Co., Leicester, Eng- 

Borax Chemical Corp., Pacific Coast 
eorex pgs Div., 50 Rockefeller Plaza, New 
or 


Ss. Inontriat Chemical, 99 Park Ave., New 
vased Saas & Foundry Co., Burlingto 
nr tates Pipe ol ry ur. n, 
N. J. (adv. pg. 20, 21) 





United States a Corp P. ‘2 Box _246, 
Morristown Ze Ps. Radium Corp: 
{E (Europe), 36 ae Krieg. Geneva, Switzer- 


United. States Steel Corp., 525 William 
Place, Pi Pittsburgh 30, . (adv. pg. isn 


vif we Church 
St., Ni 
Oye BN ade pe an ta New 
United States Testin, 0., Inc., 1415 Park 
Ave., Hoboken, N. 
Universal Atomics Div. of Universal Transistor 
progscts Corp., 17 Brooklyn Ave., Westbury, 


Valcor Engiocesin Corp., 333 Carnegie Ave., 
Kenilworth ‘ 

Vard, Inc., S081 . Colorado St., 

Calif. 


Varian Asso., Palo Alto 41, Calif. (adv. pg. 70) 

a re ke *Chemical Co., 116 Broad St., New 

or’ 

Veeco Vacuum Corp., 86 Denton Ave., New 
Hyde Park, » 

Velan Co., hae Rd., Plattsburg, N. Y. 
[Axel Larsson Maskinaffar ” Aktiebolag Guld- 
dragargr, 46 Stockholm-Val. . z. Sweden] 

Victoreen Instrument Co., 5800-11 Hough Ave. 
Cleveland 3, Ohio [Ets Vilber-Lourmat, 83 
59) illot, Paris 13, France] (adv. pg. 


Vitro 261 Madi 
New Tan at 16, x Y. iter a “Gl 


Pasadena 8, 





“3 - Stand, » Switzerland] (adv. pg. 

Vv st Machine Co., Henry, 1000 W. Ormsby 

» Louisville 10, Ky. 

a> Cine, On 233 Broadway, New York 7, 
(adv. 4 "139 

Wolderi poetremien, iv. of F. C. Huyck & 
Sons, Park Ave., Huntington Station t Be 

Wallin Assoc., 18670 Ventura Bivd., Suite a 
Tarzana, Calif: 

bes gs Manufacturin Co., Inc., 4850 Taylor 

, Jamestown, N. 

wets ee Co., 10 Embankment St., 
Lawrence, 

ba ~ om Gold ms Platinum Co., 525 Harbour 

Belmont, Calif. 

Westinghouse Electric Corp., P. O. Box 868, 
Pittsburgh 30 estin; house Electric In- 
ternational Aiomic J _ 

Wheeler Mfg. Co., Io & Lehigh Sts. 
Philadelphia 32, eso Reuniti De 
Adriatico Trieste, ‘Teal 

Wiegand Co., Edwin 7500 Thomas Blvd., 
Pittsburgh 8, Pa. 

Williamette Iron & Steel Co., 2800 N. W. Front 
Ave., Portland 10, Ore. 

Wisconsin Stainless Foundry & Machine Corp., 
823 E. St. Paul Ave., \ enone y Wisc. 

Wolverine Tube Div., Calumet & Hecla, Inc., 
17260 Southfield Rd., Allen Pak, Mich: (adv. 

Wood unter Laborstery, N., 1525 E. 53rd 
Street, Chicago 

Worklon, Inc., 303 West 28th St., New York 1, 

Worthington ep Conp. "= NT We Nuclear ears. 
Dept., lig —— py 
$7, Rue Me ie Loewe, Marts France] (adv. cn 

X-Ray Monitoring a -» 43 Bee 6ist St., 
New York 25, ¥. [Rol & Schwarz 

Vertriebs GM ‘oH. "Giese, , a 


ya Tne Co., Chestnut Hill, Philadelphia 


.» Great Dover St., 
London E. 1 ag 
Young Radiator Co., S. Marquette os be 
a Wisc. L; A. Hydrobel 98 Quai Ver- 
Schlessin-Lie > Belgi um} 
Yuba. ‘Consolidated acades ne., 351 Cali- 
fornia San Francisco 4 


if. 
Zallea Seed Wilmington 99, Del. (adv. pg. 153) 
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Kaiser Engineers can design and build your power 
plant quickly, economically. 


A 475,000 KW power plant in Louisiana. America’s 
Engineering Test Reactor in Idaho. A 100,000 KW 
industrial steam power plant in Pennsylvania. The en- 
gineering study for the AEC’s Gas Cooled Graphite 
Moderated Power Reactor. A $10,000,000 dual- 
purpose process steam and power plant. New nuclear 
development projects in Europe, Asia and Latin Am- 
erica. This is Experience—electric power from both 
nuclear and fossil fuels. To which Kaiser Engineers 
couples Ingenuity to pioneer, to develop new methods, 
to achieve efficient plants quickly, at low cost. For 
experience, ingenuity, and a cost conscious approach, 


960,000 pounds/hour steam generator plant producing 


process steam, compressed air and 31,250 KW of elec- H 
tricity for alumina plant. Designed and built by KE. call or write KE. Today. 


Kaisen om ‘ 
engineers-contractors 
Cenomeers KAISER ENGINEERS contracting since i914 


Division of Henry J. Kaiser Company « Oakiand12, Californias New York, Pittsburgh, Washington, D.C., 
Buenos Aires, Caicutta, Montrea!, Rio de Janeiro, Sydney, Tokyo 








No. 1 eleven foot graphite thermal column wall of Atomic Energy of Canada Limited’s NRU Reactor at Chalk River. 





Side view of No. 1 graphite thermal column wall. This con- 
sists of 30 major blocks of “National” nuclear graphite 
contoured to fit into reactor tank. Machining characteris- 
tics of graphite have been compared to hard wood, such as 
oak or maple. 


EASILY MACHINED TO INTRICATE 
SHAPES—CLOSE TOLERANCES 


Photos show inner wall of 11 foot long graphite thermal column. 
of Atomic Energy of Canada Limited’s NRU Reactor at Chalk 
River. Graphite was chosen for this installation because it is an 
excellent moderator of neutrons with low capture cross section. 

This wall has 30 major blocks, the other 4 walls have 144 accu- 
rately machined blocks each. In all, 1300 precision machined 
graphite pieces are included in this thermal column. Close toler- 
ances were held in machining each piece. 

This is typical of the many nuclear graphite machining opera- 
tions performed by NATIONAL CARBON COMPANY. Our versatile 
machine shops, backed by years of graphite machining experience, 
stand ready to supply your needs — whether they be simple re- 
actor blocks, molds or crucibles, complex reactor parts or intri- 
cate nuclear metal processing assemblies. And, remember... 70 
other material today has so many useful nuclear properties as 
does “National” Nuclear Graphite. 


Write today for 
8-Page Brochure 
“ ‘National’ Nuclear Graphite” 
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CARBIDE 


“National” and “Union Carbide’’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corperation - 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 





